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GENERAL INTRODUCTION 
The Improvement In the productivity of maize over the last 60 
years is due to a combination of genetic factors and cultural 
practices. Maize breeders continually seek to bring high grain yield 
potential together with resistance and/or tolerance to damage caused by 
disease and Insect pests. The recurrent selection program discussed 
herein is a part of this effort. Two maize synthetics, BSAA(SRCB)C4 
and BSBB(SRCB)C4, have resulted from four cycles of recurrent selection 
for resistance to first-generation European corn borer (Ostrinla 
nubllalls and Diplodia (Diplodia maydls) stalk rot, two Important maize 
pests of the U.S. corn belt. BSAA(SRCB)C4 and BSBB(SRCB)C4 were 
released in 1983 as breeding populations for use in hybrid improvement 
(Russell and Guthrie, 1983). 
The purpose of breeding for genetic resistance to European corn 
borer and to Oipodia stalk rot is to improve the yield and quality of 
the maize crop under disease and Insect pressure. Early instars of 
first-generation European corn borer larvae feed on leaf-whorl tissue 
and cause mainly physiological losses resulting from a reduction in 
leaf area. Later instars and subsequent generations of European corn 
borer larvae bore into the stalk resulting in both physiological and 
harvest losses. Stalk-boring larvae may Interact with stalk-rotting 
pathogens to reduce stalk quality. Diplodia stalk rot may cause 
premature death following deterioration of the pith tissue as well as 
stalk lodging resulting from weakened stalks. Both contribute to grain 
yield losses, which are exacerbated by stressful environmental 
conditions. Previous research and quantitative genetic theory has 
indicated that recurrent selection based on the evaluation of selfed 
progenies would be an effective method to increase the frequency of 
genes conditioning resistance to first-generation European corn borer 
and to Diplodia stalk rot. The usefulness of the improved populations 
rests not only on the degree of progress made for the primary selection 
criteria, but also on the indirect effects of selection on other traits 
of agronomic importance. 
The present study had the following objectives: 
1. To assess the progress made for the traits under selection by 
evaluating the original and improved cycle populations as populations 
per se, as populations crossed to a tester, as crosses between 
synthetics, and as random Sj lines derived from the cycle 0 and cycle 4 
populations in each synthetic. 
2. To measure the changes, associated with selection, for other 
disease and agronomic traits. Of specific interest are traits 
associated with stalk quality, plant vigor, and grain yield. Changes 
in reaction to anthracnose stalk rot (caused by Colletotrlchum 
gramlnlcola) and northern corn leaf blight (caused by Exserohilum 
turclcum) were Investigated. 
3. To evaluate the ability of improved pest resistance to 
compensate for the effects of disease and/or insect pressure on maize 
yields and other traits. 
4. To gain an understanding of the genetic basis for any 
correlated changes in agronomic traits. 
Literature Review 
Dlplodla stalk rot 
Diplodia stalk rot of maize is caused by the organism Diplodia 
mavdis (Berk.) Sacc. Diplodia stalk rot (DSR) has been reported world­
wide wherever maize is grown. Its contribution to the stalk-rot 
complex varies because of environmental factors. The climate of the 
U.S. Corn Belt is particularly favorable to the development of DSR in 
most years. 
The most severe effect of DSR is the premature death of the maize 
plant, which may have two serious consequences. The most visible is 
stalk breakage. Stalk breakage reduces grain yield when ears are 
missed by combines or mechanical pickers. Grain quality is reduced 
when ears lie on the ground and become moldy (Christensen and 
Wilcoxson, 1966). Secondly, premature death prevents adequate grain 
filling, resulting directly in grain yield loss, not including harvest 
loss (Perkins and Hooker, 1979). Craig and Hooker (1961b) observed 
that the vessel elements of stalks became occluded with a lignln-like 
substance following infection with Diplodia zeae (= D. mavdis). 
Mortlmore and Wall (1965) report that stalk rot causes yield losses 
even when onset is after physiological maturity, although the effects 
are more difficult to visualize. 
Grain yield losses caused by stalk rot are very difficult to 
estimate because of the many factors involved, not the least of which 
is the variable environment. One method that has been used involves 
comparing stalk-rotted plants with adjacent healthy plants. Hooker and 
Brltton (1962) made 680 such comparisons over 2 years. The average 
yiel^ loss was 16.2%, with a range of 0-26.2%. Statewide losses In 
Illinois were estimated at 8.6%, amounting to over seventy million 
dollars annually. Wysong and Kerr (1969) observed an average of 35% 
yield loss over 420 comparisons made in 18 Nebraska counties and 48 
different fields. The statewide estimate for yield loss was 11% in 
1968, amounting to nearly forty million dollars In lost revenue. 
Perkins and Hooker (1979) compared diseased and healthy plants in 36 
dent corn hybrids. The average yield loss was 9.5% per plant. Taking 
into account all the variables, an annual yield loss of 5-25% annually 
is very realistic (Zuber and Kang 1978). Even low levels of stalk rot, 
when multiplied over millions of hectares of maize production, provide 
ample economic incentive to developing stalk rot-resistant varieties. 
The incidence of stalk rot is Influenced by numerous cultural and 
environmental factors. All stalk rot-inducing factors have in common 
the ability to induce stress and predispose the maize plant to 
infection and colonization by stalk-rotting organisms. These factors 
include higher plant populations, soil fertility imbalances, drought, 
cloudy weather, smut, root injury, competition with weeds, early frost, 
defoliation by leaf diseases, insects or hail, and genetic weakness 
(Zuber and Kang, 1978; Pappells, 1970; Pardee, 1966; Michaelson, 1957; 
Holbert et al., 1935). According to Dodd (1980), the stalk-rotted 
maize plant first becomes predisposed to stalk rot through the 
influence of factors such as those above, which cause a reduction in 
photosynthesis and a greater demand for carbohydrate reserves than the 
plant Is able to supply. Dodd observed that stalk-rotted plants had 
more kernels than genetically equivalent neighboring plants with 
healthy stalks. The higher number of kernels in stalk-rotted plants 
represents a larger grain sink, resulting from the pre-flowering 
environment. If the post-flowering environment and genetic potential 
of the plant are not sufficient to meet this grain-sink commitment, the 
plant is stressed. Root tissue so weakened becomes vulnerable to 
Infection by soil-inhabiting microorganisms, wilting, and subsequent 
stalk rot. Dodd called this the photosynthetlc stress-translocation 
balance concept (PS-TB). It is supported by observations that stalk 
lodging is normally preceded by root rot (Dodd, 1980), and barren 
plants do not become stalk lodged (Mortlmore and Wall, 1965). 
Though the environment plays a large (if irregular) role in the 
incidence of stalk rot, genetic differences are also Important. 
Cavalier! (1984) studied grain filling and drying characters among 
hybrids released over the previous 52 years. The new, higher-yielding 
hybrids had longer grain-filling periods due to later physiological 
maturity and improved late season plant health. Hooker (1973) reports 
that hybrids that retain their state of hydration longest during the 
grain maturation period are most resistant to stalk rot. Wall and 
Mortlmore (1965) associated susceptibility to stalk rot in certain 
genotypes with slower vegetative growth rates and inability to continue 
vegetative growth after flowering, followed by rapid senescence. 
Indeed, stalk rot is primarily a disease of the senescing plant. 
D. maydis, like most stalk-rotting organisms (with the exception of 
Colletotrlchum gramlnlcola (Cesatl) Wilson), Is not aggressive enough 
to colonize living tissue (Dodd, 1977), but attacks the senescent cells 
of a weakened plant. The mode of infection is primarily through the 
roots (Dodd, 1980; White et al., 1978; Smith and Hedges, 1909). Stalk 
tunneling by later instars of first- and second-generation European 
corn borers provides an effective entry point for the DSR organism 
(Christensen and Schneider, 1950), while stalks may also be Invaded 
directly from the usually moist environment between the stalk and the 
leaf sheath (Durrell, 1923). It is also believed that D. maydis may 
infect the maize plant during the seedling stage, and grow systemlcally 
(Christensen and Wilcoxson, 1966). 
D. maydis is an imperfect fungus having no known sexual stage. It 
produces two types of spores in black, subepidermal pycnidla that form 
in abundance near the nodes of the stalk (Ullstrup, 1977). The 
location and subepidermal nature of the pycnidla distinguish Diplodia 
in the field from other stalk-colonizing organisms. The spores are 
either shorter (25-30 x 5-6 u) two-celled, brown to olivaceous conldia, 
or longer (25-35 x l-2u) hyaline scollcospores (Ullstrup, 1977). D. 
maydis overwinters as dormant mycelium or pycnidla on infected plant 
parts, and can survive for many years to produce viable spores. 
Studies have shown that D. maydis can survive in any soil if sufficient 
organic matter is present (Christensen and Wilcoxson, 1966). 
Isolates of D. maydis may vary considerably in their virulence. 
Young et al. (1959) studied isolates of D. maydis from three diverse 
environments, and their ability to incite stalk rot in single crosses 
from each of the three regions. In general, the Isolates were most 
pathogenic in the environments from which they originated. Kappelman 
et al. (1965) reported that 20 D. zeae Isolates had highly significant 
differences in their virulence on nine single crosses. Maxwell and 
Thompson (1974) evaluated 50 Inbreds for stalk rot in testcross to 
stalk rot resistant and susceptible testers, inoculated with a strongly 
and weakly virulent strain of D. zeae. The highest variation among 
lines was obtained using the suscaptible tester with a weak strain, or 
a resistant tester with a highly virulent strain. When averaged over 
isolates, the susceptible tester gave the best results, but when 
averaged over testers, the virulent strain gave the best results. 
The ability of D. mavdis to incite stalk rot is further Influenced 
by the presence of other stalk-rotting organisms. In the Corn Belt, D. 
mavdis often forms a complex with Gibberella zeae (Schw.) Patch and 
Fusarium moniliforme Sheld., which produce symptoms similar to that of 
DSR. Taylor (1952) reported that D. mavdis produces less rot in 
association with Fusarium and Gibberella than alone. In contrast, 
Fusarium. a less aggressive colonizer than Diplodia. produced more rot 
when preceded or accompanied by Diplodia. Young and Kucharek (1977) 
studied the succession of fungi associated with the stalks and roots of 
maize grown in irrigated plots in Florida. Five distinct communities 
emerged, comprised of 12 different genera, varying in their time of 
identification and duration. D. mavdis was a part of the final 
community, first Isolated during the dough stage, and through to 
harvest. Given the diversity of fungi able to colonize the roots and 
stalks of maize (some pathogenic, many not), the question arises; if 
selection is based on resistance to a single organism, such as D. 
mavdls. will the selected individuals also be resistant to other stalk-
rotting organisms? White (1978) evaluated 102 Inbreds over two 
maturity ranges for their reaction to D. mavdls and G. zeae 
inoculations. The early maturity group had a correlation coefficient 
of 0.87, while that of the late group was 0.81. White concluded that 
selection for DSR should Indirectly select for Glbberella stalk rot 
resistance. Hooker (1956) reported a correlation coefficient between 
the same two organisms to be 0.93. A genotypic correlation between D. 
mavdls and G. zeae stalk rot reactions of +0.56 was reported by 
Hoffbeck (1964). Andrew (1954) observed that lines resistant to DSR 
may be very susceptible to G. zeae. In practice, many applied breeders 
who make selections based on artificial inoculations use a mixture of 
D. mavdls. G. zeae and F. moniliforme to incite stalk rot in their 
breeding nurseries. 
Correlations reported by White (1977) between DSR and stalk rot 
caused by Ç. graminicola were much lower than for zeae. and non­
significant. Based on ratings over 99 inbreds in two maturity groups, 
the correlation coefficients were 0.32 and 0.26 for the early and late 
lines, respectively. White concluded that the plant characters that 
confer resistance to one disease do not necessarily confer resistance 
to the other. These results suggest that separate or concurrent 
breeding programs would be justified if both diseases were important 
selection objectives. 
Artificial inoculations of CL_ maydis spore suspensions have been 
used to assess stalk rot reaction for nearly fifty years (Sprague, 
1954). Smith et al. (1938) rated 13 single-cross hybrids for DSR 
reaction, and obtained correlations of 0.82 and 0.90 between field 
stalk lodging and pith or cortical spread, respectively. Hooker (1957) 
studied the variables involved in using the method developed by Smith 
et al. He observed that, in susceptible lines, the rate of disease 
spread is greatest in the first two weeks following inoculation, while 
spread ceased after one week in resistant lines. He noted that the 
greatest difference among lines for stalk rot reaction occurred when 
inoculations were made in an internode near to the ground, even though 
the actual disease severity was greatest for inoculations made in 
higher internodes. He also detected no differences in disease reaction 
when inoculations were made 1, 2, 3, or 4 weeks after anthesis. Hooker 
concluded that the best procedure for evaluating maize strains for 
resistance to stalk rot would be to inoculate the first or second 
elongated internode above the ground 1-3 weeks following anthesis, and 
to record disease severity 3-4 weeks following inoculation. 
Artificial Inoculations have been made most commonly with either a 
syringe, or a toothpick or pipe cleaner soaked in the spore suspension 
(Sprague, 1954). Young (1943) listed the advantages of the toothpick 
method as providing uniform Inoculum, allowing multiple inoculations 
with different organisms, leaving an inoculation point that is easily 
identified, and being fast. 
Methods of assessing natural stalk rot severity Include visual 
ratings for percentage of living cells In the Internode (Miller and 
Myers, 1974), the senescence of leaf midribs (Kang and Myers, 1972), 
the percentage of soft stalks (Berzonsky and Hawk, 1986), and stay-
green ratings (Hoffbeck, 1964). 
Resistance to stalk lodging In maize Is comprised of at least two 
components: resistance to disease and stalk strength (Russell, 1961). 
Considerable research into both these components has led to greater 
understanding of the mechanisms of resistance. Resistance to stalk rot 
has been correlated most closely with percentage of soluble solids in 
the stalk, the density of the pith, and the condition of the pith. 
Pappelis and Smith (1963) related the density of pith tissue and the 
amount of living cells in the first internode above the ground to the 
spread of DSR. Their investigation was based on the reaction of six 
inbred lines. They observed that the spread of D. zeae within the pith 
was limited to the dead cells. Mortlmore and Ward (1964) related 
soluble sugar content in pith tissue with resistance to root and stalk 
rot. The sugar content of the pith was decreased by growing plants at 
a high density or by defoliating late In the growing season. Increased 
sugar levels were observed when plants were grown at low density or had 
their ears removed to enforce barrenness. They reported that, when the 
level of soluble sugars in the pith at physiological maturity falls 
below 20%, there is an early onset of senescence and loss of resistance 
to weakly parasitic or saprophytic organisms. Lodging was never 
greater than 10% when the sugar level was greater than 20%. Craig and 
Hooker (1961a) reported a correlation between resistance to stalk rot 
and increases in sucrose, reducing sugars, total sugars, and pith 
density. They formulated the hypothesis that the reduction of sugar 
content leads to senescence, which is expressed as lower pith density. 
Pith density is a measure of the amount of living cells in the pith. 
The loss of carbohydrates deprives the pith cells of energy; they 
subsequently die, and the stalk is susceptible to rot by pathogenic 
fungi. This information by itself suggests that organisms like D. 
mavdis are merely saprophytes, growing on senescent tissue in the host. 
However, research using cultures of Dlplodia growing in vitro on stalk 
extracts Indicates that stalk-rot-resistant genotypes may produce 
compounds that are fungistatic. Johann and Dickson (1945) reported 
that cultures of Dlplodia showed retarded growth on extracts from 
resistant hybrids. Extracts derived from samples taken closer to 
anthesis retarded Dlplodia growth more than did those taken close to 
harvest. The inhibiting substance was at high levels in all genotypes, 
but the genotypes varied in their ability to retain it through to 
harvest. Davis et al. (1938) also observed retardation of growth when 
Dlplodia colonies were grown on extracts of mature corn stalks and pith 
meal. The size of the colonies differed with genotype used as a source 
of extract. They could not, however, correlate the reducing sugars, 
total sugar, sucrose, or total N content of the extracts to colony 
growth on the extracts. Inhibition of G. zeae and F. moniliforme 
growth in culture by maize stalk extracts have been reported (Whitney 
and Mortimore, 1959). BeMiller and Pappelis (1965) related the levels 
of a glucoslde fraction (containing DIMBOA) to pith density and stalk-
rot resistance. They concluded that all living cells In the pith 
contain approximately the same amount of the glucoslde, and lose it 
upon cell death. High density tissue contained 0.6 to 1.6 mg/cc of the 
glucoslde fraction, while low density tissue had less than 0.6 mg/cc. 
Because DIMBOA has been shown to have fungistatic properties, Its 
levels in maize pith tissues could conceivably be a factor in stalk-rot 
resistance, even though the level of DIMBOA in mature maize tissues Is 
not high enough to be a factor in resistance to second-generation 
European corn borer (Ostrlnla nubilalis) (Klun and Robinson, 1969). It 
may be said in summary that the ability of a genotype to resist stalk 
disease and yet yield well depends not only on the environment, but 
also the inherited capacity to resist senescence and maintain plant 
health late In the season. A later maturity hybrid may accomplish 
this, but will put the grower under greater risk of early frost or 
higher grain drying costs. 
Selection for DSR has been effective in reducing stalk lodging in 
the field (Martin and Russell, 1984a; Jinahyon and Russell, 1969b). 
However, genotypes resistant to DSR may still lodge because of 
mechanical or structural weakness (Cloninger et al., 1970). Therefore, 
an appropriate measure of stalk strength would have great utility in 
combination with selection for DSR resistance. Cloninger et al, (1970) 
found that crushing strength of a stalk section, stalk section weight, 
and rind thickness all provide valid measurements of stalk quality, and 
correlated well with DSR ratings among a diallel cross of six inbreds. 
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Loesch et al. (1972) found that rind thickness and stalk section weight 
were uncorrelated to DSR ratings among four hybrids differing in their 
DSR reaction. They concluded that crushing strength of a stalk section 
would be a superior trait because it is sensitive to differences in 
stalk rot reaction. Several other traits have been studied for their 
relationship to stalk quality. Jenkins (1930) showed correlation 
coefficients ranging from -0.49 to -0.58 between stalk lodging and 
mechanical breaking strength. The relationship was improved when 
breaking strength values were adjusted for short diameter of the stalk 
(Jenkins and Gaessler, 1932). Dry weight per green volume of a stalk 
section (as a measure of specific gravity) was reported to be 
significantly correlated to stalk lodging, stalk rot ratings, crushing 
strength, rind thickness, and rind puncture (Thompson, 1970). Twumasl-
Afriyie and Hunter (1982) determined that while stalk crushing 
strength, rind puncture, stalk breaking force, stalk section weight, 
and stalk sugar content all were effective in detecting difference in 
lodging resistance among hybrids, rind puncture best met the criterion 
for a good selection method by being simple, highly correlated to 
lodging, and consistent In both high- and low-lodging environments. 
Pickett et al. (1969) found highly significant correlations between 
rind penetration values and stalk stiffness, as measured by a device 
that puts a transverse load on the stalk. Colbert and Zuber (1978) 
investigated the relationship between rind puncture and crushing 
strength over four sampling dates, one preflowering and three post-
flowering. Although the rind puncture values differed in magnitude. 
all four dates were highly correlated to crushing strength. Because 
the ranking of the six hybrid entries did not change (with one minor 
exception) over sampling dates, they concluded that rind puncture 
measurements before flowering would be an effective trait to use in 
selection for stalk quality. 
Other research has confirmed that rind traits have a relatively 
greater contribution to stalk lodging resistance than pith or vascular 
bundle characteristics (Chang and Loesch, 1972; Kâlmân et al. 1975). 
In the absence of an environment with suitable expression of stalk rot, 
Zuber et al. (1957) concluded that morphological characters, such as 
rind hardness, play a greater role in differentiating lodging-resistant 
from lodging-susceptible types. Zuber and Loesch (1966a) investigated 
the Influence of the environment on three structural traits. They 
found that crushing strength was affected more by the environment and 
had a higher coefficient of variation than did rind thickness or stalk 
section weight, due primarily to stalk rot reaction. They concluded 
that a single environment would be adequate for evaluating stalk 
quality using these traits. Thompson (1964) studied the relationship 
between structural components such as rind thickness and crushing 
strength and the internode sampled and plant density. He concluded 
that any Internode below the ear was satisfactory for measurement of 
structural component traits, although the coefficient of variation 
increased for higher Internodes. It was recommended that the same 
Internode should be used for all samples, and measurements should be 
made in multiple environments. 
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High crushing strength has been associated with high llgnln 
content and low ash content (Zuber and Kang, 1978; Zuber and Loesch, 
1966b). 
Acosta and Crane (1972) reported Inconclusive results when four 
cycles of recurrent selection were practiced for low ear height in two 
tropical maize populations. Lodging was reduced significantly in one 
population but not In another. Helms and Compton (1984) found no 
relationship between ear height or ear weight and stalk lodging. 
Synthetic varieties MoSQA and MoSQB have undergone phenotyplc 
recurrent selection for high and low stalk crushing strength. 
Increases in stalk crushing strength were associated with increased 
rind strength and reductions in natural stalk rot and stalk lodging. 
Yield increased in MoSQA but didn't change In MoSQB (Berzonsky and 
Hawk, 1986; Moentono et al., 1984; Undersander et al., 1977). Soluble 
solids did not increase in MoSQA, but did in MoSQB (Colbert et al., 
1984). Anatomical investigations suggest that the two synthetics 
maintain stalk strength through different structural compositions 
(Berzonsky et al., 1986). 
Not all environmental factors that influence stalk quality traits 
are out of the control of the grower. Soil fertility has been shown to 
have a very direct influence on the incidence of stalk lodging and the 
ability of a genotype to resist stalk-rotting pathogens. Otto and 
Everett (1956) reported that the incidence of stalk rot increased with 
increasing levels of nitrogen (N) and decreased with decreasing levels 
of N on a group of hybrids. They indicated that a good balance of 
nitrogen to potassium (N;K) reduced the severity of stalk rot. Foley 
and Wernham (1957) Inoculated three hybrids with a mixture of 
Glbberella. Dlplodla and Pythlum. and evaluated stalk rot reaction, 
stalk breakage, and premature death at five fertility levels. A high 
N:K ratio Increased hybrid susceptibility to all three parameters of 
stalk quality. Low N:K ratio decreased stalk rot and breakage. 
Phosphorus (P) had the effect of Increasing premature death only when N 
and K were high. Arnold et al. (1974) evaluated the effect of N, P and 
K on percentage of senescent stalks, crushing strength, rind thickness, 
stalk lodging, and yield. Only K had a significant effect on the stalk 
characters, and only N and K Increased grain yield at the levels used. 
Pappells and Boone (1966) found that N and P increased the area of dead 
cells in stalk tissue, while K or limestone applications reduced stalk 
senescence. Thayer and Williams (1960) found that the effect of N and 
K on stalk rot caused by G. roseum in gravel culture depended on the 
level of the other. N increased stalk rot only at medium or high 
levels of K, and K decreased stalk rot only at low levels of N. P had 
no effect on stalk rot. 
White et al. (1978) took a different approach to show that N 
(supplied as anhydrous ammonia) decreased stalk rot, which is a 
contrast to most published results. They used a nitrification 
inhibitor (nitopyrin) to retard the conversion of NH^ to NO3 in the 
soil. They concluded that N deficiencies late in the season promote 
senescence and predisposition to stalk-rotting organisms. A steady 
supply of N throughout the growing season delays root senescence. The 
ability of nltopyrin to reduce natural stalk rot was greater than its 
ability to reduce DSR from artificial inoculations. White et al. 
suggested that Diplodia inoculations may not simulate stalk-rot 
infections adequately because they bypass the rot as an infection 
court. 
Younts and Musgrave (1958) reported that increasing rates of K 
reduced the incidence of stalk rot only when in the form KCl, but not 
as K2SO4 or KPO3. They suggested that high chloride levels depress N 
and P uptake and are responsible for the decreased stalk rot. These 
results have been challenged by Martens and Arney (1967) who showed 
that KCl gave greater response than Cl~ alone (in NH^Cl form). 
Liebhardt and Munson (1976) reached the same conclusion, that the 
effect of KCl treatments is due to the K^, not the Cl~. The KCl 
treatment yielded 7.2 Mg ha"^ with 16% lodging, while both the NH^Cl 
and no K or CI treatments yielded 5.5 Mg ha~^ with 64% lodging. 
It was realized relatively early that stalk-rot resistance was a 
trait under the hereditary control of many factors, much like grain 
yield (Smith et al., 1938; Sprague, 1954; Andrew, 1954). Hoffbeck 
(1962) used 13 reciprocal translocations to identify chromosomes in two 
Inbred lines (W22 and 4Co63) associated with Diplodia and Gibberella 
stalk rot resistance. Chromosomes 2, 7, 10 or 6, 7, 8 and 10 were 
found to include resistance factors. El-Rouby and Russell (1966) used 
25 reciprocal translocations to identify nine chromosome arms 
containing factors conditioning resistance to DSR in inbred lines B14 
and C103. Four of the factors exhibited dominance or partial dominance 
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to susceptibility. Hooker (1956) observed that hybrids are resistant 
to stalk rot In proportion to the number of resistant lines used in 
their synthesis, suggesting additive gene action. Based on this 
observation, he recommended that the breeder concentrate on developing 
resistant Inbreds. Smith et al. (1938) showed that dominance for 
disease reaction following artificial inoculation with Dlplodia is the 
exception rather than the rule. Kappelman and Thompson (1966) used a 
generation mean analysis of eight populations to study the gene action 
of D. zeae reactions. They found that additive effects were 
significant for all eight populations, while dominance effects were 
significant for six populations and deviations significant for three. 
Their results led to the conclusion that, while selection for resistant 
Inbred lines is effective, the development of resistant hybrids will 
require the selection of lines in hybrid combination in a similar 
manner as for grain yield. Russell (1961) stated that the ability of 
an inbred line to contribute stalk strength (of which DSR is an 
influencing factor) can be measured satisfactorily only by testing in 
hybrid combination. The results of recurrent selection programs for 
DSR resistance and stalk quality traits have shown additive gene action 
to be of much higher relative importance than non-additive types of 
gene action (Jinahyon and Russell, 1969a; Martin and Russell, 1984a). 
Given the predominance of additive gene action, a recurrent 
selection procedure capitalizing on additive genetic variance would be 
effective for improving synthetic populations. Lines derived from such 
an improved synthetic by selfing could then be tested in hybrid 
combination to evaluate their worth. 
The well documented gains due to selection for grain yield over 
the past six decades have been accompanied by effective selection for 
improved stalk quality. Russell (1984) evaluated single crosses of 
inbreds representing seven eras of maize breeding. He reported 
significant increases in stalk lodging resistance from the 1930s to 
1970s. Resistance to root lodging showed no significant changes from 
the 1930 to 1980 era. Duvick (1977) reported significant improvements 
in stalk lodging, root lodging, and plant health score for commercial 
hybrids released over the previous forty years. A dramatic decrease in 
non-harvestable grain over the years is an important factor 
contributing to yield gains observed when plots are machine-harvested 
(Crosbie, 1982; Russell, 1974). However, stalk quality traits continue 
to be important selection criteria due to changing cultural practices. 
Zuber (1973) concluded that improvements in stalk quality in the late 
1950's were offset by increased fertilizer use and higher plant 
densities. 
Recurrent selection programs for stalk quality traits are often 
very effective for Improving stalk quality, but may result in indirect 
changes for other characters. Jiaahyon and Russell (1969a) reported 
the results of three cycles of Sj line recurrent selection for Diplodia 
stalk rot resistance in the Lancaster (BSL) population. The Sj lines 
from BSL(S)C3 had a mean stalk rot rating of 2.4, which is 
significantly improved over the cycle 0 mean, 4.1. In addition, the 
genetic variance among Sj lines In BSL(S)C3 was 37% larger than among 
Sj lines in the original population. The improvement in stalk rot 
resistance was associated with greater plant vigor, later maturity, 
greater stalk strength, and higher yields in hybrid combination. 
Improvements for stalk lodging resistance were greatest for the early 
cycles of selection (Jinahyon and Russell, 1969b). Devey and Russell 
(1983) reported on an additional cycle of selection for DSR and three 
cycles of selection for mechanical stalk strength in the same 
population. Cycles 5 through 7 included SQ plant selection for DSR 
resistance with Sj line evaluation for mechanical stalk strength. 
Their results Indicate that the rate of improvement for DSR resistance 
was statistically equivalent when selection was for DSR resistance or 
mechanical stalk strength. Improvement for mechanical stalk strength 
was at a higher rate when selection was for DSR reaction than for 
mechanical stalk strength directly. Devey and Russell concluded that 
selection for mechanical stalk strength was effective in utilizing the 
remaining variability and maintaining the linear response for DSR 
resistance because the rating technique was inefficient at detecting 
differences among highly resistant strains. The improvement in stalk 
quality was associated with grain yield loss in the populations per se. 
The yield of BSL(S)C7 decreased 40% with respect to Lancaster CO. It 
Is conceivable that some of this grain yield loss was due to inbreeding 
depression, because cycles 2 through 4 were synthesized from only 10 Sj 
lines. Yield loss could also be due to a repartitioning of 
photosynthate from the ear to the roots and stalk. 
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Martin and Russell (1984a) evaluated three cycles of Sj line 
recurrent selection In the synthetic BSl for Dlplodla stalk rot 
(BSISR), and In a separate program for mechanical stalk strength 
(BSIMS). Highly significant gains over cycles were made In both 
programs for mechanical stalk strength, Dlplodla stalk rot, natural 
stalk rot, rind puncture, and stalk lodging. Both methods were 
essentially equal In effectiveness; however, the genetic variation 
among Sj lines for stalk rot ratings decreased with both selection 
methods, while genetic variation for mechanical stalk strength 
increased significantly and non-signifIcantly for direct and indirect 
selection, respectively. Grain yield was reduced by 23% when selection 
was for stalk rot resistance and 30% for mechanical stalk strength 
(Martin and Russell, 1984b). Rehn and Russell (1986) reported that a 
decline in harvest index accompanied declines In grain yield in BSL(S), 
BSl(SR), and BSl(MS), providing evidence that selection for stalk 
quality results in repartltioning of photosynthate from the grain to 
the stover. 
Direct selection for lodging resistance has resulted in 
Improvements in structural stalk components and grain yield losses 
(Thompson 1963, 1972, 1982). Three cycles of phenotyplc recurrent 
selection for rind thickness decreased lodging and grain yield (Davis 
and Crane, 1976). 
Hooker (1977) used gamete selection to identify gametes that were 
superior to those from B14 or C103 for Dlplodla stalk rot reaction and 
percentage of dead plants following inoculation. 
Russell (1961) compared the utility of five different testers for 
evaluating DSR reaction and stalk lodging of 35 Inbred lines. 
Susceptible Inbred tester 08420 had the greatest genetic variation for 
both DSR and stalk lodging. B14, a resistant inbred tester, had the 
smallest genetic variation for stalk lodging. The single-cross tester, 
08420 X 187-2, was Intermediate In line variance for both traits. 
European corn borer 
The European corn borer (Ostrlnla nubllalls Hiibner) (ECB) Is a 
major Insect pest of dent corn, popcorn, and sweet corn. It belongs to 
the Order Lepldoptera. The ECB was first Identified In the U.S. In 
1917 in the Eastern U.S. coastal region. Imported broomcorn from 
Hungary or Italy is the suspected Introduction agent (Brlndley and 
Dlcke, 1963), The ECB spread slowly throughout the corn-growing areas, 
reaching Iowa in 1943 (Showers et al., 1983). Although ECB had a 
single generation per year up until the 1930s, the two generatlon-per-
year borer is predominant throughout the Corn Belt today. In the 
northern corn-growing regions in the U.S. and In Canada, the one-
generation borer is adapted. To the south, the ECB may have 3-4 
generations per year (Showers et al., 1983). 
The ECB overwinters as pupae in corn-field debris. They commence 
development in the spring when temperatures reach 10 C. Subsequent 
ECB activity may be predicted from degree-day accumulations starting 
from the capture of the first spring moth In light or synthetic 
pheromone traps (Showers et al., 1983). 
Moths will emerge from their overwintering sites and mate within 
48 hours. Mating occurs In dense, moist vegetation adjacent to corn 
fields. Pheromones play an important role in ECB matlngs. Mated 
females will deposit their eggs In masses of 15-30 on the undersides of 
maize leaves near the midrib. The egg masses are flat and 
approximately 6 mm in diameter. Egg hatch will occur 3-7 days later. 
Each mated female has the potential to lay two egg masses per night for 
10 nights (Showers et al., 1983). 
Egg hatch and larval feeding begin when the corn plants are in the 
whorl stage. ECB larvae grow through five stages (or Instars). The 
early Instars feed on leaf tissue causing the characteristic shot hole 
type of lesions. More susceptible strains show elongated lesions due 
to larval feeding as the leaves expand. Later Instars feed on the leaf 
sheath and collar tissue and eventually bore into the stalk to pupate 
(Showers et al., 1983), Research has shown that resistance to first-
generation ECB is resistance to leaf feeding by the first and second 
Instars only (Guthrie, 1981). 
Flfth-instar larvae either pupate or enter a suspended 
physiological state known as diapause. Diapause prepares the ECB for 
survival overwinter, and is triggered by shorter day length and cooler 
temperatures. It is also under the genetic control of one or more sex-
linked genes (Showers et al., 1983). 
Two generation-per-year ECB's hatch and mate in mid-summer. Mated 
females prefer to lay their egg masses on the underside of the ear 
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leaf, on the 1-2 leaves above and below the ear, and on husk tissue. 
Early Instars of the second-generation ECB feed on sheath and collar 
tissue, husk and silk tissue, or the pollen accumulated in leaf axils. 
Later instars will bore into the stalk and ear shank and produce 
tunnels or cavities prior to entering diapause (Showers et al., 1983). 
ECB populations depend on factors such as the severity of the 
winter environment, the rainfall and temperature during the growing 
season, and the levels of natural predators, parasites, and pathogens 
in the ecosystem. The fungus, Beauveria bassiana (Bals.) Vuill., was 
responsible for killing approximately 80% of the overwintering ECB in 
1978. Despite this, a large second generation may still develop from a 
reduced first generation if climatic variables are favorable (Guthrie 
and Berry, 1979). Other natural control agents include the insect 
parasite Lydella thompsoni Herting (Burbutls et al., 1984), predators 
of the Coccinellidae family (ladybird beetles) (Rubis, 1950), and the 
fungus Bacillus thuringiensls Berliner (active agent in Dipel® 
insecticide). 
The economic impact of ECB Infestations depends on the level of 
infestation, climatic factors, and the degree of resistance of the 
maize cultivar. Patch et al. (1942) reported that up to 22 
borers/plant, yield reduction due to first-generation damage is 
proportional to the number of borers/plant. For open-pollinated 
varieties, the yield loss was 2.86 to 4.86%/borer/plant. For hybrids 
the yield loss was 3.02-3.93%/borer/plant. They also observed that 
strains with higher yield potential had lower percentage of yield loss, 
and that Infestations that begin at an earlier stage of plant 
development produce greater losses. This explains why later planting 
results in greater losses (Jarvis et al., 1961), 
Penny and Dlcke (1959) reported yield losses of 9.8, 6.3, and 3.8 
quintals/ha for susceptible x susceptible, susceptible x resistant, and 
resistant x resistant crosses when compared to checks sprayed with DDT. 
Kwolek and Brlndley (1959) compared the relative contribution of flrst-
and second-generation ECB to grain yield loss over four years and three 
states. First-generation ECB caused the greatest yield loss In 
Minnesota, while second-generation ECB was more Important in Ohio. 
Yield loss at the Iowa location was intermediate for both generations, 
with a significant interaction between the two. The Ohio and Minnesota 
data supported the 3% yield loss/borer/plant, which has become accepted 
as a good estimate (Patch, 1941). In Iowa, 3% was too low for first-
generation and too high for second-generation losses. 
Lynch (1980) illustrated how the value of resistance to ECB can be 
offset by the high yield potential of susceptible strains. B73 x Mol7 
is a susceptible, full-season hybrid that performed better than a 
resistant, mid-season hybrid under first-generation ECB pressure. 
However, yield losses were greater for the full-season hybrids when 
damage was caused by second-generation ECB. 
While stalk and ear-shank tunneling can result in broken stalks 
and dropped ears, researchers attribute the majority of grain yield 
losses to physiological loss, as opposed to harvest loss (Showers et 
al., 1983), Patch et al. (1951) estimated grain yield losses caused by 
reduced ear size to be 10 times that of harvest loss. Jarvis et al. 
(1961) pointed out that physiological losses may be high even when 
apparent physical damage is low. Yield losses due to stalk rot and 
smut may be indirectly attributable to the reduction of photosynthetic 
area, creation of fresh wounds, and introduction of fungal spores by 
ECB larvae. Estimated U.S. total losses due to ECB in recent years 
ranged from 10.8 x 10® quintals in 1974 to 77.6 x 10® quintals in 1971 
(Anonymous, 1977). 
Artificial Infestations of first-generation ECB have been in use 
for over 55 years. From 1932-1964, approximately 10.3 million egg 
masses were produced by various institutions for use in resistance 
research (Guthrie and Berry, 1979). During this period egg masses were 
produced by placing infested corn stalks in cages in the fall and 
trapping the moths as they emerged in the spring. As a result, egg 
masses were available only In the early portion of the growing season 
and not large enough quantities later in the season to screen for 
second-generation resistance (Guthrie and Dicke, 1972). In the mid-
1960s, the procedures were developed to rear ECB on artificial or 
meridic diets. In 1978 alone, approximately 10.5 million egg masses 
were produced by nine public and private institutions in the U.S. and 
Canada for first- and second-generation resistance work (Guthrie and 
Berry, 1979). 
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First-generation ECB damage Is commonly evaluated with a visual 
rating. Guthrie et al. (1960) describe a nine-class scale that has 
been used extensively: 
1. No visible leaf injury or a small amount of pin or fine shot-
hole type of Injury on a few leaves. 
2. Small amount of shot-hole type lesions on a few leaves. 
3. Shot-hole injury common on several leaves. 
4. Several leaves with shot-hole and elongated lesions. 
5. Several leaves with elongated lesions. 
6. Several leaves with elongated lesions (about 1 inch). 
7. Long lesions common on about one-half of the leaves. 
8. Long lesions common on about two-thirds of the leaves. 
9. Most leaves with long lesions. 
The above scale is based on leaf feeding in the whorl leaves only, 
damage that is attributed to the first and second instars. Feeding on 
the midrib, sheath, and collar area Is likely by third and fourth 
instars. 
In addition to leaf-feeding ratings, more time-consuming methods 
such as larval counts (obtained by plant dissection) and lesion counts 
have been used to evaluate first-generation resistance (Guthrie et al., 
1960). Insecticides are often used in entomological research to 
provide a control when studying the effects of natural or artificial 
infestations. While it is reasonable to assume that the chemical may 
have effects other than killing the pest of interest, only non-uniform 
effects would Invalidate experimental results (Penny and Dlcke. 1959). 
Nofton et al. (1978) demonstrated that carbofuran and other nematlcldes 
produced yield increases In concert with reductions in nematode 
populations. The yield advantage of nematlcide-treated plots over 
untreated plots averaged 21% in 16 experiments at 12 locations. There 
was evidence that the hybrids in the experiments responded 
differentially to the nematicides. 
Insect resistance mechanisms fall into three somewhat interrelated 
categories: non-preference, tolerance, and antibiosis (Jennings et 
al., 1974). Resistance to leaf feeding by the ECB can be best 
expressed as antibiosis and non-preference. The nature of ECB 
resistance can be elucidated from the results of choice feeding trials 
and records on larval weight, larval mortality, larval migration, and 
egg mass production. Reed et al. (1972) fed resistant and susceptible 
maize leaf tissue to ECB larvae. Larvae receiving resistant tissue had 
higher mortality, slower growth rates, and produced fewer egg masses as 
adults. They found that mortality was related linearly to the content 
of the chemical factor DIMBOA in the tissue. Robinson et al, (1978) 
concluded that DIMBOA content is the primary chemical factor in the 
expression of non-preference based on studies of larval migration off 
resistant plants. Scriber et al. (1975) used flrst-instar larvae in 
two-choice feeding trials to show that the susceptible (and low DIMBOA) 
inbred WF9 was always preferred to more resistant lines. Antibiosis 
against the early instars is represented by the observation that most 
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larval mortality occurs in the first five days of larval life (Guthrie, 
1981). 
High levels of OIMBOA do not always coincide with high levels of 
field resistance to leaf feeding (Sullivan et al., 1974; Russell et 
al., 1975), Indicating that DIMBOA is not the only factor In 
resistance. Rojanaridpiched (1984) found that silica and lignin 
content in maize tissue was significantly correlated to first-
generation ECB resistance after the effects of DIMBOA were 
statistically removed. 
Resistance to first-generation ECB behaves in a typically 
quantitative manner. A successful breeding strategy depends on 
knowledge of the gene action of resistance. The gene action of leaf-
feeding resistance has been determined using various experimental 
designs: diallel crosses to estimate general and specific combining 
ability (Scott and Dicke, 1965; Jennings et al., 1974), Design III 
(Scott et al., 1964), generation mean analysis (Scott et al., 1964; 
Rubis, 1954), and permutations of double crosses (Scott and Guthrie, 
1967). The results generally show that, while both additive and 
dominance variance or effects are significant in the materials tested, 
additive variance or effects are of greater magnitude (Rubis, 1954; 
Scott et al., 1964; Jennings et al., 1974; Scott and Dicke, 1965). 
Resistance tends to be partially dominant to susceptibility (Penny and 
Dicke, 1956; Guthrie et al., 1985a; Jennings et al., 1974). Eplstatlc 
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effects, when significant, are of low magnitude (Scott and Guthrie, 
1967; Rubis, 1954). 
Scott et al. (1964) used a Design III analysis to investigate gene 
action for leaf-feeding resistance and to obtain precise estimates of 
dominance variance. While both additive and dominance genetic 
variances were significant, additive variance was four times greater 
than dominance variance. The average degree of dominance was 
determined to be approximately 0.70. 
Scott and Dicke (1965) observed significant general combining 
ability among resistant x resistant crosses, indicating that the 
resistant lines contributed different factors or levels of factors to 
resistance in the single crosses. 
Guthrie et al. (1985a) evaluated leaf-feedlng-resistant inbred 
B86, nine other inbreds, and their crosses to B86. The results showed 
that B86 contributed varying degrees ôf partial dominance to the single 
crosses. 
Guthrie and Stringfleld (1961) determined that evaluation of 
selfed lines per se was the most effectual method during early 
generations of inbreeding. They concluded that early-generation 
testing in test crosses is not a dependable estimate of later value for 
leaf-feeding. When a tester was used, however, a susceptible tester 
provided the most Information. 
Reciprocal translocations have been used to identify chromosome 
arms that possess a gene or genes for first-generation ECB resistance 
(Ibrahim, 1954; Scott et al., 1966). Scott et al. (1966) point out 
that this method has limitations in that only strongly dominant genes 
are identified, and any closely linked genes are identified as one 
gene. Naturally, this would tend to underestimate the number of genes 
involved. As a result, the more genes involved, the less effective the 
method. Scott et al. (1966) obtained evidence that resistant inbred 
CI31A possesses a gene or genes contributing resistance to leaf-feeding 
on the short arms of chromosomes 1, 2, and 4 and on the long arms of 
chromosomes 4 and 6. Inbred B49 possesses these same factors, plus one 
on the long arm of chromosome 8. The authors concluded that a wide 
diversity of leaf-feeding resistant genes is not available because 
CI31A and B49 are not related. Ibrahim (1954) placed resistance genes 
on the long arm of 3, 4, and 5 of inbred A411. 
Selection for leaf-feeding resistance has proved very effective. 
Lynch and Guthrie (1980) compared hybrids from the 1940s to the 1970s 
for leaf feeding, ear damage, shank damage, dropped ears, and stalk 
breakage above and below the ear. Only leaf-feeding resistance showed 
a consistent improvement from the 1940s to the 1970s, This highlights 
the success breeders have had finding resistance to first-generation 
ECB and difficulty on finding second-generation resistance. In 1975, 
approximately 7.4 million hectares of maize were planted to a single-
cross hybrid with at least one parent considered resistant or 
Intermediate to leaf feeding, based on 4 years field evaluation 
(Guthrie et al., 1982). In contrast, only 66,000 hectares were planted 
to hybrids with one parent possessing sheath-collar feeding resistance 
(caused by second-generation ECB). 
Improved leaf-feeding resistance has resulted from pedigree 
breeding programs as well as population Improvement programs. 885 is 
an Inbred highly resistant to leaf feeding, derived from the advanced 
cycle of BSCB6. BSCB6 resulted from 3 cycles of Sj recurrent selection 
in the Pennsylvania Early Synthetic. B86 Is resistant to both first-
and second-generation ECB, and Is the result of pedigree selection from 
the cross of B52 x 0h43 (Russell and Guthrie, 1979). 
Russell et al. (1975) describe a pedigree selection program for 
leaf-feeding resistance and DIMBOA content out of the cross of CI31A 
(resistant) x WF9 (susceptible). All 15 Fg lines selected for DIMBOA 
content had field ratings of 3.0 or better (on a 1-9 scale), while 65 
of 86 Fg families selected for leaf-feeding resistance rated 3.0 or 
better. The results Indicate that DIMBOA content is less influenced by 
the environment than field ratings; however, data from the DIMBOA 
analysis is usually not available until after pollination. 
Distributions among lines revealed that many more families had leaf-
feeding resistance with low DIMBOA than had high DIMBOA with low leaf-
feeding resistance. Indicating that DIMBOA is not the only resistance 
factor. Hence, a selection program for DIMBOA only may eventually lose 
those other factors. 
Penny et al. (1967) report on the progress made for leaf-feeding 
resistance in five maize synthetics after three cycles of Sj line 
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recurrent selection. Three cycles of selection were sufficient to 
convert all six. to essentially borer-resistant varieties, even though 
selection was based on unreplicated plot means. Differences in mean 
ratings of Sj lines among cycles within populations were all 
significant or highly significant, although the variability for leaf-
feeding ratings was so low in the cycle-three populations as to make 
further progress doubtful. The low variability seemed to be a result 
of the limitation of the 1-9 class scale. Differences among lines 
rating lower than 3.0 are not readily detected. The authors suggest 
that chemical analysis might provide selection criteria to make use of 
the remaining variability. 
Russell et al. (1979) evaluated several agronomic characters in 
the populations used by Penny et al. (1967). When averaged over all 
synthetics, grain yield declined from the CO to C3, such that the gain 
due to resistance in infested plots was less than the loss due to gene 
frequency changes or inbreeding effects. The authors attributed 
indirect response in agronomic traits to inbreeding if the C3 and CO 
testcrosses were the same, and to gene frequency changes if they had 
changed in a manner similar to the populations per se. In general, 
changes in yield and some yield components were attributed to 
inbreeding. Russell et al. (1979) concluded that the effects of 
Inbreeding would not be serious unless the synthetics were to be used 
as synthetics directly, or if the changes were due to a loss of 
favorable alleles. 
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Klenke et al. (1986a) evaluated four cycles of recurrent selection 
for first- and second-generation ECB resistance In the synthetic BS9. 
Significant progress was made for both traits, as well as Indirect 
improvement for rind strength. The genetic variance among Sj lines for 
leaf-feeding resistance was reduced from 1.87 in the CO to 0.29 in the 
C4. Phenotyplc and genotyplc correlations showed little relationship 
between first-generation resistance, second-generation resistance, and 
rind strength. 
Yield reductions over cycles in BS9 followed the pattern described 
by Russell et al. (1979) (Klenke et al., 1986b). Under Insect 
pressure, the Improved populations yielded less than the original 
populations under infestation due to the loss In yielding ability. 
Yield decreases were observed both in populations per se and in 
testcrosses to Inbred testers, indicating that the change was due to 
gene frequency changes, as well as inbreeding effects. 
Tseng et al. (1984) compared two selection procedures for 
producing first-generation ECB resistance in the synthetic BSl. BS1C3I 
was Improved by direct selection for leaf-feeding resistance: BS1C3D 
was Improved by selection for high DIMBOA content. Both selection 
procedures resulted in populations roughly equivalent in insect damage 
rating and DIMBOA content. 
Role of DIMBOA 
Beck and Stauffer (1957) first reported the isolation of a 
chemical substance they called Resistance Factor A (RFA) from the whorl 
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leaves of two maize hybrids in amounts relative to their field 
resistance to first-generation ECB damage. RFA was found to be 
deleterious to ECB growth and survival, as well as several other 
Insects and fungi, including Diplodia. The chemical resistance factor 
was further characterized by Wahlroos and Virtanen (1959) who 
identified it as 2,4-dlhydroxy-7-methoxy-l,4-benzoxazln-3-one (DIMBOA). 
OIMBOA is a cyclic hydroxamic acid that exists as a glucoside in intact 
maize tissue and is enzymatically released when plant tissue is injured 
(Wahlroos and Virtanen, 1959; Klun et al., 1967). Analysis of DIMBOA 
content is made indirectly by measuring concentration of its breakdown 
product 6-methoxy-benzoxalinone (MBOA) (Klun and Brlndley, 1966). 
Queirolo et al. (1981) Investigated the mode of action of DIMBOA 
on spinach chloroplasts. DIMBOA was found to act as an energy transfer 
inhibitor of photophosphorylation. DIMBOA has been implicated as a 
factor in resistance to the corn leaf aphid (Long et al., 1977), 
Erwinla soft rot bacteria (Lacy et al., 1979; Corcuera et al., 1978), 
wheat stem rust (Elnaghy and Linco, 1962), Northern corn leaf blight 
(Long et al., 1975) and tolerance to atrazine (Hamilton, 1964). 
Robinson et al. (1982b) conducted a bloassay to measure the effect 
of DIMBOA content in artificial diets of ECB larvae. The five DIMBOA 
levels used in the bloassay covered the range of concentrations found 
in leaf-feeding resistant and susceptible genotypes. Increasing levels 
of DIMBOA increased days to pupation and decreased pupal weight. First 
instar larvae preferred untreated diet to that with DIMBOA, and DIMBOA 
sprayed on susceptible plants Increased larval migration off the 
plants. The authors concluded that DIMBOA Is a behavior-modifying 
chemical. The results are supportive of previous work by Reed et al. 
(1972), Klun et al. (1967), Klun and Brlndley (1966), and Robinson et 
al. (1978). 
Concentrations of DIMBOA in whorl leaf tissue has been highly 
correlated with insect damage ratings. Klun and Brlndley (1966) showed 
a correlation between leaf feeding and MBOA concentration among 11 
inbred lines. Klun et al. (1970) evaluated a diallel of 11 inbreds for 
DIMBOA concentration and leaf-feeding ratings. The correlation between 
the two traits was 0.89 for the inbreds and 0.74 for their crosses. 
General combining ability accounted for 84% of the variation in 
resistance rating and 91% for DIMBOA concentration. 
Based on the association between DIMBOA concentrations and field 
resistance ratings, Zhou et al. (1984) developed a bioassay designed to 
screen germplasm for first-generation ECB resistance. Lyophillzed 
plugs of wheat germ diet were saturated with plant Juices extracted 
from whorl leaf tissue. The weight of larvae after seven days of 
feeding on this diet was found to be associated to the leaf-feeding 
resistance of the three inbreds tests. 
Actual levels of MBOA may be measured as a screen for leaf-
feeding resistance, but this is slow and expensive. A quicker method, 
utilizing thin-layer chromatography (TLC), was developed by Robinson et 
al. (1982a). Visual ratings of TLC plates were highly correlated to pg 
of MBOA (r = 0.93). 
Dicke (1954) reported that early planted, taller corn is more 
attractive to first-generation ECB moths. Klun and Robinson (1969) 
found that both resistant and susceptible strains were high in DIMBOA, 
while resistant lines were able to maintain the higher level through 
the mid-whorl stage. DIMBOA did not play a strong role in second-
generation resistance. Guthrie et al. (1983) further demonstrated that 
the resistance of small plants (regardless of their level of resistance 
in mid-whorl) was due to the physiological age of the plant, rather 
than the height of the plant. 
While DIMBOA is an important factor in first-generation 
resistance, it is not the only factor (Russell et al., 1975). In fact, 
its role as a resistance factor may be much more Important in Corn-Belt 
germplasm than maize from elsewhere. Sullivan et al. (1974) evaluated 
germplasm for both DIMBOA content and field resistance to leaf feeding. 
Most of the lines derived from the exotic, open-pollinated sources 
proved to be as resistant as the resistant Corn-Belt lines B49 and B68, 
while their DIMBOA content was below that of WF9, a highly susceptible 
inbred. 
Anthracnose stalk rot 
Anthracnose stalk rot (ASR) is caused by the organism 
Colletotrlchum gramlnlcola (Cesatl) Wilson. ASR causes stalk rot 
symptoms that are initially similar to those of DSR: rapid wilting, 
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dying of leaves, and pith discoloration (Ullstrup, 1977). A severe 
Infection of ASR is easily Identified by black streaks on the outer 
surface of the stalk and discoloration of the pith which often extends 
through several Internodes, starting from the crown. The black 
structures found on the stalk surfaces are acervull, which are the 
fruiting structures on which conldia are borne on infected tissue and 
plant debris (Hooker, 1976; Ullstrup, 1977). 
Ç. gramlnicola is a pathogen of maize during the seedling stage, 
as an adult leaf blight, and as a post-flowering stalk rot. While 
there may be some epidemiological relation between anthracnose 
reactions at different stages of plant development, the resistance 
mechanisms appear to be controlled by different genetic systems 
(Hooker, 1976). Both the roots and ECB cavities serve as an infection 
court for Ç. graminicola (Williams and Willis, 1963). 
Anthracnose has a host range that Includes sorghum, the small 
grains, and many grasses as well as maize; it is more pathogenic on 
sweet corn than dent corn (Hooker, 1976). ASR has grown In importance 
as a disease of maize since 1970; in a 1975 survey it was found in 78% 
of the Illinois fields examined (Hooker, 1976). 
Previous research has led to the conclusion that resistance to ASR 
would not be obtained via selection for Dlplodla or Glbberella stalk 
rot resistance (White, 1977; Hooker, 1976). White (1977) evaluated 99 
inbred lines for DSR and ASR reaction. The correlation between the two 
stalk rots was 0.32 for the early lines and 0.26 for the late lines. 
In another study among 23 Inbreds and 25 single crosses, correlations 
between Dlplodla or Glbberella stalk rot and anthracnose ranged from 
0.36 to 0.63 (Hooker, 1976). Although the correlations were highly 
significant, they were deemed low enough to warrant separate breeding 
programs. 
ASR reaction is usually recorded as the number of internodes of 
spread from the point of inoculation. The total number of Internodes 
with any amount of discoloration, or the number of Internodes with a 
predetermined fraction of discoloration, is most often reported 
(Hooker, 1976; White, 1977; Miles et al., 1980). Carson and Hooker 
(1981, 1982) used 12-class rating based on the sum of the total number 
of discolored internodes plus the number of internodes 75% or more 
discolored among six internodes (the Inoculated internode and five 
internodes above it). ASR resistance genes have been located on the 
long arms of chromosomes 1, 4, 8, and both arms of 10 of the inbred 
line A556 (Carson and Hooker, 1982). Additive effects were found to 
account for more than 90% of the genetic variation among generation 
means of crosses among six Inbred strains (Carson and Hooker, 1981). 
Northern corn leaf blight 
Northern corn leaf blight (NLB) is caused by the fungus 
Exserohilum turclcum (Pass) Leonard & Suggs. It is found most commonly 
in humid environments when temperatures are moderate and dews are 
heavy. Infection by E. turclcum results in long elliptical grayish-
green lesions, which die and turn light brown (Ullstrup, 1977). Direct 
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grain yield losses up to 50% and the ability to predispose the plant to 
stalk rot have been reported (Hughes and Hooker, 1971). 
Resistance to NLB is available from numerous sources, both 
monogenic and polygenic. Monogenic resistance, conditioned by the 
locus Ht, causes reduced lesion size, and is associated with the 
production of phytoalexlns. The multigenlc resistance causes reduced 
lesion number (Hooker, 1973; Ullstrup, 1977; Lim et al., 1970). 
Jenkins and Robert (1959) identified genes for resistance on 12 
chromosome arms among several inbred lines. Resistance genes were most 
closely associated with the long arms of chromosome 3 and 5 and the 
short arm of chromosome 7. Further studies on the polygenic form of 
resistance have indicated that additive gene action is of major 
importance relative to dominance or epistatic effects (Hughes and 
Hooker, 1971). 
In addition to phytoalexlns, DIMBOA has been Implicated as a 
chemical factor involved in NLB resistance. Molot and Anglade (1968) 
compared the first-generation ECB damage ratings, the NLB severity 
ratings, and the loglO concentration MBOA of 12 maize Inbreds. The 
correlation coefficients for ECB and NLB ratings with DIMBOA levels 
were -0.77 and -0.95, respectively, and +0.76 between ECB and NLB 
resistance. Other reports of significant correlations between NLB 
severity and DIMBOA concentration are -0.61 among 13 inbreds (Long et 
al., 1975) and -0.64 among 16 inbreds (Long et al., 1978). DIMBOA at 
1-10 ppm will inhibit E, turclcum germination in vitro (Molot, 1969). 
Couture et al. (1971) studied the relationship between the Ht 
locus, the Bx locus, and NLB severity. They found that the bxbx, the 
DIMBOA deficient strain, had approximately twice the percentage of 
infected leaf tissue as did the BxBx strain, regardless of the presence 
or absence of the Ht gene. The Ht gene reduced the NLB severity, but 
not to the same degree as did the Bx gene. 
The association between NLB resistance and first-generation ECB 
resistance has been demonstrated only in small, fixed sets of 
genotypes. A much more extensive study of the relationship among 7,537 
genotypes over a period of 12 years has shown the correlation between 
NLB resistance and first-generation ECB resistance to be 0.003 (Guthrie 
et al., 1985b). Only 1.5% of the genotypes tested were highly 
resistant to both NLB and leaf feeding by the ECB. Guthrie et al. 
(1985b) concluded that selection for high DIMBOA content or a single 
pest species will not result in resistance to many pest species, 
although combining resistance to both NLB and ECB leaf feeding should 
not be difficult. 
Klenke et al. (1987) described the effect of four cycles of 
line recurrent selection for first- and second-generation ECB 
resistance on NLB reaction. A significant improvement in first-
generation ECB was not associated with NLB resistance; the trend was 
toward decreasing resistance to NLB over cycles. 
42 
Recurrent selection 
Quantitative traits pose a special problem to plant breeders 
because they are often governed by large numbers of genes, each of 
which has a small relative contribution and may Interact both with the 
environment and one or more of the other genetic factors. As a result, 
genotypes containing the best combination of favorable alleles are very 
difficult to Identify and Isolate (Falconer, 1981; Llndstrom, 1931), 
Recurrent selection Is a group of methodologies that have been 
introduced and implemented In plant breeding for nearly 50 years. The 
actual Idea was first suggested by Hayes and Garber (1919), and later 
described in detail by Jenkins (1940). Since this time, various 
methods have been proposed that vary In their effectiveness depending 
on the crop species used, the gene action of the trait under selection, 
and the ultimate use of the population studied. Hallauer and Miranda 
(1981) and Sprague and Eberhart (1977) have provided detailed 
descriptions and reviews of the various recurrent selection strategies. 
The goal of recurrent selection Is to increase gradually the 
frequency of favorable alleles for the trait under selection through 
selection and recombination of superior individuals. All recurrent 
selection procedures have the following elements in common, 
constituting one cycle: 
1. development of a population, 
2. evaluation of members of the population, and 
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3. selection of superior members to be parents for the 
subsequent cycle. 
Recurrent selection procedures differ most importantly in how 
members of the population are evaluated (step 2, above). The simplest 
method of recurrent selection involves evaluation of individuals 
(single-plant basis). Modification of this method to account for some 
of the environmental influences has made this a useful method for 
certain traits (Gardner, 1961). When the effects of the environment 
require greater control, the progenies of individual members are 
evaluated. The progenies may be in the form of selfed, half-sib, or 
full-sib families, each possessing attributes that are advantageous in 
specific situations. Hallauer and Miranda (1981) point out that 
selection based on selfed progenies, while not as widely used as mass 
selection, half-sib, or full-sib selection, has the advantages of 
increased variability among progenies and an exposing of deleterious 
recessive genes. The Increased variability among progenies is 
particularly useful for traits that are controlled primarily by genes 
that act In an additive manner. All the additive genetic variation is 
expressed among Sj progenies, while only one-half and one-quarter of 
the additive variance is expressed among full-sib and half-sib 
progenies, respectively (Sprague and Eberhart, 1977). The 
disadvantages of selection among selfed progenies is longer cycle 
intervals, a tendency toward greater experimental errors in progeny 
evaluation, and possible linkage and Inbreeding effects if 
recombination Is done with advanced selfing generations (Hallauer and 
Miranda, 1981). 
Multiple trait selection 
In applied breeding programs, selection for more than one trait is 
the rule, not the exception. The three alternatives available to deal 
with this situation are tandem selection. Independent culling levels 
(ICLs), and index selection. The Smith index (Smith, 1936) was 
designed to maximize gain for all traits in the index. It has since 
been shown that such an index will always be more efficient relative to 
ICLs, which in turn are more efficient than tandem selection (young, 
1961), The relative superiority Increases with the number of traits 
and is most efficient when the traits are of equal relative importance. 
In practice, the relative efficiency of using the Smith index may be 
offset by the Increased costs and labor required to obtain accurate 
estimates of additive genetic variances and covariances (Young, 1961). 
However, selection indexes in which traits are weighted directly by 
economic weights or "intuition" are common and still retain much of 
their efficiency (Hallauer and Miranda, 1981). 
The estimation of the genetic causes of gene frequency changes from 
indirect response to selection 
Correlated changes In agronomic traits from a recurrent selection 
program may be caused by (1) genetic drift, (2) gene linkage, or (3) 
pleiotropy (Crosbie, 1982). If the number of selected lines recombined 
to form the Improved populations is small, genetic drift may be of 
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significant magnitude (Helms, 1986). Genetic drift is a random and 
cumulative change In gene frequency over cycles, and may be expected to 
result in inbreeding depression for traits with directional dominance 
(Falconer, 1981). 
Smith (1979a, 1979b, 1983) has developed a model that separates 
the effects of genetic drift from those of selection. Smith's model 
has its basis in the Hammond and Gardner (1974) model, which Itself is 
a modification of the Gardner and Eberhart (1966) variety-cross 
diallel. While this model was first applied to evaluation of the 
direct effects of recurrent selection (Smith, 1979b, 1983, 1984; 
Oyervides-Garcia, 1984; Tanner, 1984; Helms, 1986), it has also been 
used to evaluate the correlated effects of recurrent selection (Martin, 
1982; Klenke, 1985; Hoard and Crosbie, 1986). 
The Smith model assumes diploid inheritance, no epistasls, and 
either two alleles per locus (Smith, 1979b) or more than two alleles 
per locus (Smith, 1983). The Smith model interprets the change in the 
population mean over cycles of selection as a function of the average 
change in allelic frequency and allelic effects (Smith, 1979a). For a 
single population under selection, the genetic expectations of the 
original population (CO), the population improved over n cycles (Cn), 
their selfs, and their cross (CO x Cn) are a linear function of five 
genetic parameters, which may be defined as follows (for one locus); 
AO = p + (p-q)a 
= the mean of the base genotype plus the Intercept of 
homozygous contributions regressed on cycles of selection, or 
the mean of random Inbred lines from the CO population; 
DO = pqd 
= one-half the Intercept of the heterozygous contributions 
regressed on cycles of selection, or the decrease in the 
population mean after one generation of self-fertilization; 
AL = Apa 
= the partial linear regression coefficient of homozygous 
contributions regressed on cycles of selection, or one-half 
the change in population mean after one cycle of selection 
due to the effect of homozygous loci; 
DL = Ap(q - p)d 
= the partial linear regression coefficient of heterozygous 
contributions regressed on cycles of selection, or one-half 
the change in the population mean after one cycle of 
selection due to the effect of heterozygous loci; 
DQ = Ap^d 
= the partial quadratic regression coefficient of heterozygous 
contributions regressed on cycles of selection, or one-half 
the change due to genetic drift, if the assumptions of the 
model are accepted (Helms, 1986). 
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In the above notation, p = the mean of the base population, p = the 
frequency of favorable allele, q = (l-p), a = the genotyplc value of 
the favorable homozygote, d = the genotyplc value of the heterozygote, 
and Ap = the change in gene frequency of the favorable allele after one 
cycle of selection. 
The genetic parameters are estimated by solving the following 
equations simultaneously to obtain unique solutions: 
CO = AO + 2D0 
Cn = AO + 2D0 + 2AL(N) + 2DL(N) + 2DQ(n2) 
CO selfed = AO + DO 
Cn selfed = AO + DO + 2AL(N) + DL(N) + DQ(n2) 
CO X Cn = AO + 2D0 + AL(N) + DL(N) 
where N = the number of cycles of selection. 
The DO term is estimated by the difference between the CO and CO 
selfed populations because one-half the heterozygotes are lost after 
one generation of self fertilization. Twice the DO term represents the 
total contribution of heterozygotes to the CO mean. The AO term 
represents the contribution of the homozygotes to the CO mean. The AL 
and DL terms represent one-half the change in the population mean per 
cycle due to changes in the frequency of genes with additive dominance 
effects, respectively. 
The difference between the mean of the Cn and the CO populations 
equals the total change in the mean of the random-mating population, 
and its genetic expectation is 2AL(N) + 2DL(N) + 2DQ(N^). The portion 
of the total change due to changes in the gene frequency resulting from 
selection (weighted by additive and dominance effects) has a genetic 
expectation of 2AL(N) + 2DL(N) (or 2Apa(N)). It is estimated by twice 
difference between the mean of the CO and the mean of the CO x Cn 
population cross. This estimate is Independent of the effects of 
genetic drift because most of the heterozygotes that were lost are 
recovered when the CO is crossed to the Cn, The 2DQ(N^) term is 
estimated by the differences between the Cn and the CO x Cn populations 
less one-half the change due to selection (AL(N) + DL(N)). The DQ term 
represents quadratic changes in allelic frequency (weighted by domin­
ance effects) due to both selection and drift. However, the Ap^ due to 
selection Is expected to be too small over a few cycles of selection to 
detect. As a result, DQ estimates change In gene frequency primarily 
due to drift (Smith, 1979b). The change in gene frequency due to drift 
should not bias the estimates of AL or DL since Ap due to sampling 
should sum to zero over many loci conditioning a quantitative trait. 
The Smith model has been applied to correlated responses to Sj 
recurrent selection. Martin (1982) concluded that decreases In yield 
and yield components in two synthetics selected for stalk quality were 
due to gene frequency changes resulting from selection; gene frequency 
changes due to sampling were not significant. These results suggest 
that, in these synthetics, genes for stalk quality are either linked to 
unfavorable "yield genes," or have a pleiotropic effect on yield and 
stalk quality. 
Klenke (1985) attributed an 18.8% yield loss over four cycles of 
Sj recurrent selection for ECB resistance In BS9 to random fixation of 
alleles (drift). Another 8.4% yield loss was attributed to gene 
frequency changes due to selection. Hoard and Crosble (1986) observed 
the effects of drift and selection working in opposite directions. In 
two synthetics selected for five cycles for cold tolerance, grain yield 
did not change; the 2Ap^d (drift) term canceled out 2Apa (changes due 
to selection). 
BSAA and BSBB Selection History 
The maize synthetics BSAA(SRCB)C4 and BSBB(SRCB)C4 are the result 
of a cooperative research effort of the Iowa Agriculture and Home 
Economics Experiment Station and the USDA-ARS. The development of 
these materials has been described by Russell and Guthrie (1983), and 
in further detail in the Maize Breeding Research Project Annual Reports 
(1968, 1969, 1973, 1976, 1980, and 1981; Department of Agronomy, Iowa 
State Univ., Ames, W.A. Russell, W.D. Guthrie, P.R. White, and R.L, 
Grindeland, unpublished). 
BSAA and BSBB are broad-based maize synthetics of early AES800 
maturity (Russell and Guthrie, 1983). BS^ Is composed of 58 inbred 
lines that are primarily of "Lancaster" h' i>round. The 44 inbred 
lines of which BSBB is composed are prima, I of "Stiff Stalk" 
background. In both cases, the inbred lines that went into these 
synthetics were selected to represent a sampling of the best material 
available from public Corn-Belt breeding programs (Russell et al.. 
1971). The yield performances of BSAA and BSBB per se and In a nine-
synthetic dlallel were reported by Hallauer and Sears (1968). The 
results show that BSAA and BSBB have above average yield as synthetics 
per se, but below average (negative) general combining ability effects. 
The procedures used In this recurrent selection program were 
similar from cycle to cycle, and between synthetics. Therefore, a 
typical cycle of selection will be described In detail, with exceptions 
noted in the material that follows the description. 
Year 1 Approximately 500 SQ plants of the nth cycle population 
were grown and manually infested with 8-10 ECB egg masses at the mid-
whorl stage of plant development. Plants that rated 3.0 or better on a 
1-9 scale (1 = highly resistant, 9 = highly susceptible) were selfed 
and Inoculated with a spore suspension of D. maydis. At harvest, 134-
200 plants visually resistant to DSR and possessing good plant and ear 
characters were saved. 
Year 2 The resistances of Sj lines to ECB and DSR were 
evaluated in separate experiments, three replications each. The ECB 
evaluation plots were infested (10 plants/plot) with 8-10 egg masses, 2 
egg masses per application, with applications being made every other 
day when possible. Visual ratings were made prior to anthesls 
approximately two weeks after the last infestation. 
The number of days after June 30 on which 50% of plants in the Sj 
plot were shedding pollen was recorded for all lines in the DSR 
evaluation experiment. One week to 10 days after all plots had reached 
50% pollen shed, the lines were Inoculated with a Diplodia suspension 
in the first full-length internode above the ground. Forty-five days 
later, five Inoculated plants per plot were split and rated on a 1-6 
scale (1 = resistant, 6 = dead plant). Sixteen to twenty lines per 
cycle were selected, based on ECB and DSR resistance ratings. A 
restriction was placed on maturity such that the average pollen date of 
the selected lines would not be later than the mean of all lines 
evaluated in the same cycle. Although no formal index was constructed, 
selection among Sj lines could best be described as visual index 
selection. In contrast, selection among SQ plants was based on 
independent culling levels of ECB and DSR resistance. 
Selected Sj lines were recombined in the following manner: 8-10 
pairwise crosses (early x late) were made in the first season of 
recombination. In the second season, a grow-out of a 500-seed 
composite of the Fj seed was manually random mated so that all plants 
were sampled. The seed from the random-mating plants was harvested in 
bulk to form the next cycle population. Typically, three years were 
required to complete a single cycle of selection (one recombination 
generation In the winter nursery). The time required to complete one 
cycle could be reduced in two years if Sj lines were produced without 
selection in a winter nursery. 
1969 
First-generation ECB ratings and DSR ratings were obtained for 
BSAACO Sj lines in a single experiment. Three replications of 292 S^ 
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lines (selected from a 16,000-plant SQ population in 1968) were 
evaluated for ECB using the methods previously described. The 160 
lines that rated 5.5 or better were inoculated (in two replications) 
for DSR evaluation. Twenty lines were selected based on an index (I = 
ECB rating + DSR rating). Maturity was not taken into account. 
Evaluation of Sj lines for the first cycle of selection in BSBB 
was made in 1968 and 1969. In 1968, 483 Sj lines were evaluated for 
ECB resistance in three replications. The 169 lines that rated 3,3 or 
better were grown in two replications in 1969 for DSR evaluation. 
Twenty Sj lines were selected in the same manner as for BSAA. The 
selected lines from both synthetics were recombined in 1970 and 1971 to 
form BSAA(SRCB)C1 and BSBB(SRCB)C1. 
1973 
First-generation ECB ratings, DSR ratings, and anthesis data were 
obtained for 168 and 148 Sj lines in BSAA(SRCB)C1 and BSBB(SRCB)C1, 
respectively. In addition, rind puncture values were obtained from the 
third or fourth internode above the ground for all the Sj lines. 
BSAA had a much higher frequency of Sj lines resistant to leaf 
feeding. Both synthetics had similar levels of DSR resistance. The 
means of all Sj lines and the CO and CI population are shown in Tables 
1 and 2. Although DSR resistance was correlated to later pollen date 
(Tables 3 and 4), the average maturity did not change because of the 
restrictions placed on maturity during selection. Rind puncture was 
highly correlated to DSR resistance in both synthetics, while 
correlations between ECB and DSR or rind puncture were nonsignificant 
and did not appear to impair or aid in selection in àny meaningful way. 
Rind puncture values were higher in BSBB than BSAA. Second-generation 
ECB ratings were obtained in a separate test. Most lines were highly 
susceptible to sheath-collar feeding, with BSBB showing less resistance 
than BSAA. BSAA(SRCB)C2 and BSBB(SRCB)C2 were obtained by recombining 
18 and 16 selected lines, respectively. 
1976 
First-generation ECB ratings, DSR ratings, and anthesls data were 
obtained for 164 and 134 S^ lines from the cycle 2 populations of BSAA 
and BSBB, respectively. Selection among the SQ plants was made in 
1975. The plots from which DSR ratings and anthesls data were to have 
been obtained were destroyed by hail, so all traits were measured on 
the ECB plots. Good ECB infestations were obtained; over 50% of the 
BSAA lines rated 3.0 or better, while one-third of the BSBB lines were 
resistant (1-3 rating). A severe drought in August resulted in higher 
stalk rot readings than anticipated (Tables 1 and 2). The original and 
two improved synthetics were entered four times in each replication for 
a total of 12 observations. Progress for ECB and DSR was observed in 
each cycle for both synthetics: BSAA showed a tendency to become 
earlier in maturity, while BSBB had a tendency to become later. 
Selection in this cycle tended to be weighted toward DSR resistance. 
Twenty lines from each synthetic were selected to form the cycle three 
(C3) populations. 
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1980 and 1981 
The Initial objective of this research program was to complete 
only three cycles of recurrent selection. However, this plan was 
altered because It was believed that the stalk rot ratings obtained in 
1976 may have confounded the Identification of the best lines. No 
selection was practiced among SQ plants in 1979 because It was believed 
that the selection would be of little value. Due to the workload, the 
evaluation of the lines from BSAA(SRCB)C3 and BSBB(SRCB)C3 was done 
in separate years. In 1980, data on ECB resistance, DSR resistance, 
and anthesis were obtained on 200 random Sj lines from BSAA(SRCB)C3. 
Good levels of first-generation ECB and DSR were obtained, but a 
drought at silk emergence resulted in Increased barrenness, which may 
have had a confounding effect on stalk rot development. Seventy-five 
percent of the lines in each experiment rated 3.0 or less for ECB or 
DSR resistance. The mean values (12 observations) for the original and 
Improved populations revealed that progress for DSR resistance was made 
in each cycle, but progress for ECB resistance ceased after the C2. 
The heritability and selection differential for both ECB and DSR 
indicated that further progress would be expected in the fourth cycle 
(Table 1). BSAA(SRCB)C3 continued the trend for earlier pollen shed, 
while a selection differential of -1.8 days suggested that the C4 
should be even earlier. Table 4 shows how the phenotypic correlation 
between DSR and pollen date has decreased over cycles to the point 
where it is no longer significant. 
Table 1. Mean values, selection differentials, and herltabillty estimates for four cycles of 
recurrent selection in BSAA 
Year Mean Mean of Herit-
(cycle of of Sj selected Selection ability Mean of BSAA populations 
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In 1981, 191 random Sj lines from BSBB(SRCB)C3 were evaluated for 
ECB resistance, OSR resistance, and days to 50% pollen shed. Table 2 
shows the means of the lines and populations included in the 
experiments. The data Indicated that progress was made for both traits 
in the first three cycles of selection, and further progress could be 
expected in the C4. The trend towards later pollen shed in the first 
two cycles was reversed in the C3. The C4 would be expected to be 
earlier than the CO based on a -2.2 day selection differential. Both 
synthetics flowered over a 13-14 day range, although 75% of the lines 
shed pollen within a four-day period. The phenotypic correlation 
between DSR and pollen shed was not significant among BSBB(SRCB)C3 8% 
lines, as was observed for BSAA(SRCB)C3 lines (Tables 3 and 4). The 
reduction in correlation may be an indication that the correlation in 
the original synthetics was due to linkage disequilibrium, rather than 
plelotropy. 
Selected lines of both synthetics were recombined to form 
BSAA(SRCB)C4 and BSBB(SRCB)C4. In a departure from normal procedure, 
the pairwise crosses made in the first generation of recombination were 
not made in an early x late fashion as in previous cycles. 
Table 5 summarizes the information relative to number of lines 
tested and selected in each cycle and the calculated theoretical level 
of inbreeding, F, in each cycle, assuming that F=0 in the source 
populations and that self-fertilization is prevented. The recurrence 
Table 2. Mean values, selection differentials, and heritability estimates for four cycles of 
recurrent selection in BSBB 
Year Mean Mean of Herit-
(cycle of of Sj selected Selection ability Mean of BSBB populations 
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Table 3. Phenotyplc (above diagonal) and genotyplc (below diagonal) 
correlations for Ist-generatlon European corn borer damage 
ratings, stalk rot ratings, pollen date, and rind puncture 














































1973(2) 0.00 -0.46 0.25 
*,** Significant at the 0.05 and 0.01 probability level, 
respectively. 
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Table 4. Phenotyplc (above diagonal) and genotypic (below diagonal) 
correlations for Ist-generatlon European corn borer damage 
ratings, stalk rot ratings, pollen date, and rind puncture 














































1973(2) 0.07 -0.58 0.45 
*,** Significant at the 0.05 and 0.01 probability level, 
respectively. 
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Table 5. Selection Intensity and inbreeding coefficients for four 
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formula for this situation given by Falconer (1981) is: 
1 1 
+ [1 ]Pt-l 
2N + 1 2N + 1 
Where N = number of lines recombined in each generation (Ng = N + %). 
It is likely that the values for P underestimate the actual degree of 
relationship among individuals in the cycle four populations, because 
it is likely that, among the 58 and 44 elite inbred parents of BSAA and 
BSBB, many share a common ancestor. 
This dissertation follows the alternate format described in the 
Iowa State University Graduate College Thesis Manual. The dissertation 
has been divided into four sections, each of which is in the form of a 
complete manuscript that will be submitted to a professional Journal. 
The four sections describe one or more different experiments 
conducted to evaluate four cycles of Sj recurrent selection for 
resistance to two maize pests in the synthetics BSAA and BSBB. 
Section I reports on the progress made for the two primary 
selection criteria, first-generation European corn borer and Diplodia 
stalk rot resistance, and four stalk quality traits. Section II 
studies the distributions among random S^ lines derived from the 
original and cycle 4 population for leaf-feeding resistance, stalk rot 
reaction, and rind strength. Section III examines the correlated 
response to selection for agronomic traits, and the relative importance 
of genetic effects that may be causing these changes. Section IV 
Explanation of Dissertation Format 
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Includes investigations Into the effect of selection on resistance to 
other maize disease traits. 
The four sections of the dissertation are preceded by a General 
Introduction containing a review of pertinent literature and a detailed 
description of the recurrent selection program. The sections are 
followed by a General Summary and Discussion of the entire 
dissertation. References cited in the General Introduction are listed 
in the General References following the General Summary. Appendices A-
D contain supplemental tables not included in the sections. 
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SECTION I. RESPONSE OF TWO MAIZE SYNTHETICS TO RECURRENT SELECTION 
FOR RESISTANCE TO FIRST-GENERATION EUROPEAN CORN BORER AND 
DIPLODIA STALK ROT 
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ABSTRACT 
Four cycles of recurrent selection were conducted In two maize 
(Zea mays L.) synthetics, BSAA and BSBB, for resistance to first-
generation European corn borer (Ostrinia nubilalia Hiibner) (ECB) and 
Diplodia (Diplodia mavdls (Berk.) Sacc.) stalk rot (DSR). Recurrent 
selection was based on the evaluation of lines. The original 
synthetics and four Improved cycle populations of BSAA and BSBB were 
evaluated in multiple environments as populations per se, crosses 
between synthetics, and testcrosses to a susceptible tester. 
Artificial infestations of ECB and inoculations with D. mavdls were 
used to assess direct response to selection and to evaluate the effect 
of genetic resistance on other stalk quality characters. 
Two cycles of recurrent selection In BSAA and three cycles In BSBB 
produced populations that were statistically as resistant to leaf 
feeding by the ECB as the highly resistant single-cross check, B75 x 
CI31A, after which no further progress was made. The realized gain per 
cycle of selection for BSBB (bj = -0.63 units on a 1-9 scale) was 
highly significant and of greater magnitude than for BSAA (bg = -0.10 
units, nonsignificant). In contrast, highly significant linear 
progress for DSR resistance was made through all four cycles of 
selection in both synthetics (bg = -0.38 and -0.36 units for BSAA and 
BSBB, respectively, on a 1-6 scale). The level of resistance to ECB 
and DSR in the population crosses and testcrosses suggests that the 
genes governing resistance are acting in an additive manner. 
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Selection for DSR and BOB was associated with Improvements In 
stalk rind strength and decreases In the Incidence of stalk lodging and 
natural stalk rot development, while root lodging was generally 
uncorrelated with other stalk quality traits. The results Indicate 
that Improved standablllty In environments conducive to stalk rot 
development may require selection for physical stalk strength as well 
as for resistance to stalk-rotting organisms. 
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INTRODUCTION 
First-generation European corn borer (Ostrinia nubilalis HUbner) 
(ECB) and Dlplodia (Dlplodia mavdis (Berk.) Sacc.) stalk rot (DSR) 
continue to be important pests of maize (Zea mays L.) in many temperate 
maize-growing regions of the world. Genetic resistance has played a 
major role in minimizing economic loss caused by these two organisms, 
as applied breeding programs have incorporated routine screening 
procedures for ECB and stalk rot resistance. Today's hybrids possess a 
much higher level of ECB (leaf-feeding) resistance (Guthrie et al., 
1982) and stalk quality (Duvick. 1977; Crosbie, 1982) than those of 
previous eras. 
Resistance to first-generation ECB is expressed as resistance to 
leaf feeding by first instar larvae during the mid-whorl stage of plant 
development. Resistance is highly heritable and readily found in Corn 
Belt germplasm; research has shown that relatively few dominant genes 
are involved (Guthrie and Dicke, 1972; Ibrahim, 1954; Scott et al., 
1966). Quantitative genetic studies have shown that resistance tends 
to be partially dominant to susceptibility, but that additive genetic 
variance is predominant (Guthrie et al., 1985; Scott et al., 1964). Sj 
recurrent selection, a strategy suited to increasing the frequency of 
alleles with additive genetic effects, has resulted in rapid 
Improvement for leaf-feeding resistance. Penny et al. (1967) reported 
that three cycles of Sj recurrent selection converted six maize 
synthetics into essentially borer-resistant varieties, even though 
selection was based on unrepllcated plot means. Tseng et al. (1984) 
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and Klenke et al. (1986) reported equally rapid progress for leaf-
feeding resistance using Sj recurrent selection. 
Resistance to stalk-rotting organisms, such as D, maydis, is 
expressed as resistance to premature stalk senescence and subsequent 
decay and discoloration of the pith. The premature senescence is 
associated with the loss of carbohydrate reserves caused by 
environmental stresses (Craig and Hooker, 1961; Dodd, 1980), The 
genetic factors conditioning such resistance primarily act in an 
additive manner (Rubis, 1954; Kappelman and Thompson, 1966) making the 
evaluation of selfed progeny a practical strategy. Jinahyon and 
Russell (1969) concluded that three cycles of Sj recurrent selection in 
the variety 'Lancaster' were very effective for improving DSR 
resistance, but that indirect improvement for stalk lodging occurred 
only in the early cycles of selection. A fourth cycle of selection for 
DSR resistance and three additional cycles for mechanical stalk 
strength were reported by Devey and Russell (1983). Their results 
indicate that indirect responses in both traits were equal in magnitude 
to their direct responses to selection. Both selection methods were 
associated with reduced stalk lodging and natural stalk rot, and higher 
rind puncture values. 
Martin and Russell (1984) compared selection for DSR resistance to 
selection for mechanical stalk strength, from separate Sj recurrent 
selection programs in the synthetic BSl. Highly significant responses 
of similar magnitude were obtained with both selection methods for 
mechanical stalk strength, DSR resistance, natural stalk rot, rind 
puncture, and stalk lodging. Routine use of measures of mechanical 
stalk strength have not come Into wide use because of their time-
consuming and costly nature (Sleper and Russell, 1970). Rind 
penetrometers have been shown to provide an effective measure of stalk 
rind strength by being simple and highly correlated to stalk lodging 
and other measures of stalk strength (Twumasl-Afrlyle and Hunter, 1982; 
Colbert and Zuber, 1978). 
The objectives of this study were: 1) to assess the progress made 
for first-generation BCB and DSR resistance in the maize synthetics 
BSAA and BSBB by evaluating the original and Improved cycle populations 
as populations per se, as crosses between synthetics, and as crosses to 
a tester, 2) to measure the changes associated with selection for four 
stalk and root traits, and 3) to evaluate for the effects of D. mavdls 
inoculations, ECB Infestations, and a combination of the two on three 
stalk and root traits, and the ability of genetic resistance to 
compensate for these effects. 
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MATERIALS AND METHODS 
BSAA and BSBB are genetically diverse maize synthetics of early 
AES800 maturity. The 58 and 44 inbred lines that were recombined to 
form the original BSAA and BSBB populations, respectively, were 
selected to represent a sampling of the best material available from 
public Corn-Belt breeding programs (Russell et al., 1971). 
The four cycles of recurrent selection in BSAA and BSBB were based 
on the evaluation of Sj lines for resistance to ECB (leaf-feeding) and 
to DSR (pith spread). Evaluations for each trait were made In separate 
experiments in the same year, with identical procedures being followed 
for each synthetic. Twenty Sj lines were recombined in each cycle of 
selection (with the exception of cycle 2 when 18 and 16 lines were 
recombined for BSAA and BSBB, respectively). The selection intensity 
ranged from 10 to 15%. A description of the development of 
BSAA(SRCB)C4 and BSBB(SRCB)C4 has been published (Russell and Guthrie, 
1983). 
Two experiments were conducted to evaluate progress for ECB and 
DSR resistance. Experiment 1 was grown over three years (1984 to 1986) 
and two Iowa locations: the Agronomy and Agricultural Engineering 
Research Center near Ames and the Iowa State Research Farm near Ankeny. 
Data from only five of the six environments were used in the analysis; 
the 1986 Ankeny data were not obtained because of extreme root lodging 
near anthesls. 
The experimental design was a randomized complete block, utilizing 
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a split-plot layout. Treatments, consisting of the following, were 
assigned to the whole plots: 
1. Control; carbofuran applied at weekly Intervals during ECB 
moth flights; 
2. Artificial inoculations with a suspension of mavdis: 
3. Artificial Infestations of flrst=-generatlon ECB egg masses or 
larvae; 
4. Combination of Treatments 2 and 3. 
Entries, consisting of the following 28 genotypes, were assigned 
to subplots: the original and Improved cycle populations of BSAA and 
BSBB per se (BSAACO, BSAA(SRCB)C1, BSAA(SRCB)C2, BSAA(SRCB)C3. 
BSAA(SRCB)C4, BSBBCO, BSBB(SRCB)C1, BSBB(SRCB)C2, BSBB(SRCB)C3, and 
BSBB(SRCB)C4), cycle crosses between the synthetics (BSAACn x BSBBCn), 
and the original and improved cycle populations of BSAA and BSBB 
crossed to the single-cross tester 0s420 x 187-2. Three single-cross 
checks were included: B75 x CI31A (ECB resistant), B14A x C103 (DSR 
resistant), and 08420 x 187-2 (highly susceptible to ECB and DSR), 
Single-row plots were hand-planted In 1984 and machine-planted in 
1985 and 1986. The hand-planted plots measured 0.76 x 4.32 m. Seeds 
were planted two per hill In 17 hills spaced 25.4 cm, and later thinned 
to one plant per hill for a final density of 51 666 plants/ha"^. The 
machine-planted plots measured 0.76 x 4.83 m, were overplanted, and 
later thinned to the same plant density and within-row spacing as the 
hand-planted plots. 
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Three replications were grown In each environment. In the 1984 
Ankeny environment, one replication was discarded because of flooding. 
Artificial Infestations of ECB were made in all environments by 
dropping approximately 200-250 ECB eggs or first-lnstar larvae into the 
whorl of the plant, beginning in mid-June. Four applications were made 
in 1984 and 1985 and five applications in 1986. Each application 
consisted of either two egg masses (1984) (25 eggs mass"^) or their 
equivalent number of freshly hatched larvae suspended in corn cob grits 
(1985 and 1986), with applications made two days apart on the average. 
Ratings were made for leaf-feeding damage approximately two weeks 
after the final Infestation by using the l-to-9 scale described by 
Guthrie et al. (1960) (1 = highly resistant, 9 = highly susceptible). 
Approximately 10 days after anthesis, all plants in Treatments 2 
and 4 were jab inoculated with a suspension of D. mavdls. A free-flow 
syringe was used to create a wound and deliver approximately 0.5 ml of 
the suspension (1.5 x 10^ spores ml~^) into the first fully elongated 
internode above the ground. 
Prior to harvest, data were obtained on the number of stalks 
broken below the ear (stalk lodging), the number of plants leaning more 
than 30° from vertical (root lodging), and the number of stalks which 
collapsed when pressure was applied with the thumb and index finger to 
the first fully elongated internode above the ground (soft stalks). 
Grain yield and other plant and ear characters were measured, but will 
be reported in a subsequent paper. 
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Since the evaluation of DSR requires splitting stalks prior to 
harvest, a separate experiment was conducted for this purpose. 
Experiment 2 was grown in 1984 and 1985 at the Agronomy and 
Agricultural Engineering Research Center near Ames. The experimental 
design was a randomized complete block with five replications per 
environment. Single-row plots were planted by hand in 1984 and by 
machine in 1985, and had the same dimensions as previously described. 
Plots in both years were thinned to final plant densities of 39 508 
plants ha'l, with 33.8 cm spacing between plants within a row. The 
same 28 entries were Included in Experiment 2 as previously described 
for Experiment 1 with one exception: the single-cross check, B14A x 
0h41, which has intermediate resistance to DSR, replaced the ECB-
reslstant check. 
Approximately 10 days after anthesls, plots were Inoculated with 
D. maydis in the same manner previously described. Seven weeks after 
inoculation, 10 competitive plants per plot were split and the stalk 
rot rated for the degree of spread from the point of inoculation. A 1-
to-6 scale was used: 1, 2, 3, and 4 = 1 to 25, 26 to 50, 51 to 75, and 
76 to 100% of the Inoculated Internode Infected, respectively; 5 = the 
Infection extending into one or both adjacent Internodes, and 6 = 
prematurely dead plant. 
Approximately two weeks after anthesls, five plants per plot were 
measured for rind strength using a rind penetrometer equipped with a 
Dillon force gauge. Measurements were made on competitive plants in 
the Internode below the top ear. Records were made in pounds and later 
converted to kilograms. 
All data were expressed on the basis of plot means for the 
purposes of statistical analysis. Analyses of variance were made for 
each environment prior to making combined analyses of variance in which 
years and locations were equated to random-environments. The sums of 
squares for entries (considered a fixed effect with 27 degrees of 
freedom) in the combined analysis were partitioned into variation due 
to populations (24 d.f.), checks (2 d.f.), and populations vs checks (1 
d.f.). Variation within populations was further partitioned into five 
groups (4 d.f. each): BSAA per se, BSBB per se, BSAA x BSBB, BSAA 
testcrosses, and BSBB testorosses; and among groups (4 d.f.). A one-
degree-of-freedom contrast between the midparent of the BSAA and BSBB 
and the crosses, BSAA x BSBB, was made as a test of heterosis. The 
sums of squares for each group were partitioned into variation due to 
linear, quadratic, and cubic regressions, and residual. F-tests were 
made using the appropriate mean squares based on their expected 
variance components. Experiment I was unbalanced due to the loss of 
one replication in 1984 (Ankeny); therefore, the analysis was done on 
the basis of unweighted entry means (Cochran and Cox, 1957), so that 
the replications within environments and experimental error sources of 
variation were calculated by pooling over environments. 
Linear, quadratic, and cubic regression coefficients (bj) were 
calculated from cycle or cycle x treatment means within each group by 
using polynomial coefficients (Steel and Torrie, 1980), and their 
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standard errors were calculated as described by Draper and Smith 
(1966): 
CiJ X MSE 
s.e. (bj) = [ ] 
n 
where c^j = the diagonal elements of the (X'X)~^ matrix corresponding 
to the 1th variable, MSE = the appropriate error term, and n = the 
number of observations in each mean. T-tests were performed to test 
the hypothesis that b^ = 0. 
First-generation ECB ratings were obtained before anthesis from 
plots in Treatments 3 and 4, which were treated identically until after 
anthesis. Therefore, the ECB ratings were analyzed as a randomized 
complete block with six replications (four replications in the 1984 
Ankeny environment). A statistical transformation of the percentage of 
stalk lodging, root lodging, and soft stalks was performed on 
individual observations to normalize the data. The transformation 
utilized was as follows: 
# lodged or soft stalks 
transformed value = arcsine [ 
# plants per plot 
All statistical analyses used the transformed values rather than the 
raw percentages. 
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RESULTS AND DISCUSSION 
Highly significant differences were observed among genotypes (27 
d.f.) for ECB and DSR ratings, rind puncture values, incidence of stalk 
lodging, root lodging, and soft stalks (analyses of variance not 
shown). The genotype x environment interaction was significant for all 
traits except DSR and rind puncture, but was of very low magnitude 
relative to the genotype source of variation for ECB, stalk lodging, 
and soft stalk traits. 
A nonsignificant change towards resistance to ECB was observed for 
BSAA per se, from 2.92 to 2.63 over four cycles of selection (Table 1). 
Expected gains, based on the mean of Sj progenies evaluated during the 
selection process, ranged from -0.37 to -0.45 units cycle"^, whereas 
realized gain was only -0.10 units cycle"* averaged over four cycles. 
The high degree of resistance in the original population (BSAACO) seems 
to be responsible for the lack of response. BSAA cycles crossed to the 
highly susceptible tester 08420 x 187-2 had significant linear and 
highly significant quadratic responses, with maximum resistance 
achieved in the C2. 
The average realized gain per cycle for BSBB (-0.63 units) 
exceeded expected gains, which were -0.58, -0.37, and -0.28 units 
cycle"* for the second, third, and fourth cycles, respectively, based 
on Sj progeny means. Pertinent data from which to calculate expected 
gain were not available from the first cycle of selection in which more 
than 80% of the gain was realized. Changes in the BSBB population per 
se had significant or highly significant quadratic, cubic, and residual 
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effects (Table 1). The cross of BSBB to the tester also showed highly 
significant linear and cubic response toward resistance. The crosses 
between synthetics showed highly significant linear and quadratic 
changes toward resistance; the population crosses did not deviate 
significantly from their midparent values, indicating that gene action 
is primarily additive for ECB ratings in BSAA and BSBB. 
In contrast to selection for ECB resistance, progress for DSR 
resistance was linear through all four cycles of selection in both BSAA 
and BSBB populations per se (Table 1). Realized gains per cycle of 
selection were -0.38 and -0.36 units for BSAA and BSBB, respectively; 
the linear regression coefficients were highly significant. Expected 
gains, based on Sj progeny means, were -0.45 and -0.34 units cycle 
for BSAA and BSBB, respectively. The BSAA testcrosses to 08420 x 
187-2 and the crosses between synthetics had similar linear responses, 
while only the BSBB testcrosses showed no significant gain over cycles 
of selection. The test for midparent heterosis in the BSAA x BSBB 
crosses was nonsignificant, indicating additive gene action for DSR 
ratings. 
The association between increasing resistance to DSR and rind 
strength, as measured by the rind penetrometer, was not consistent 
among the groups. Highly significant linear increases in rind puncture 
values were observed for BSBB per se, BSAA x BSBB crosses, and BSAA 
testcrosses, and corresponded to linear decreases in DSR ratings in 
those populations (Table 1), While DSR resistance increased in BSAA 
per se, rind strength did not; in the BSBB testcrosses, neither DSR 
Table 1. Means and regression coefficients for Ist-generatlon ECB 
ratings, DSR ratings, and rind puncture, averaged over five, 
two, and two environments, respectively 
Means^ 
Cycles of selection 
Entry group CO CI C2 C3 C4 
Ist-generatlon ECB rating ( 1 - 9 )  
BSAA 2.92 3.01 2,57 2.58 2.63 
BSBB 5.75 3.03 3.13 2.67 2.88 
BSAA X BSBB 3.88 2.74 2.70 2.72 2.85 
BSAA X (0s420 X 187-2) 5.13 4.63 3,96 4.20 4.58 
BSBB X (0s420 X 187-2) 6.46 4.60 4,83 4.43 3.52 
Dlplodla Stalk Rot (1-6) 
BSAA 3.57 3.42 3.14 2.64 2.08 
BSBB 4.14 3.67 3,18 2.91 2.74 
BSAA X BSBB 3.76 3.48 3.55 3.09 2.48 
BSAA X (03420 X 187-2) 4.46 3.83 3,71 3.26 3.33 
BSBB X (0s420 X 187-2) 4.41 3.81 3,81 3.89 4.01 
Rind Puncture (kR) 
BSAA 5.90 5.68 5,62 6.23 6.26 
BSBB 5.41 5.25 5.54 6.13 6,48 
BSAA X BSBB 5.32 5.29 5.73 5.77 6,53 
BSAA X (0s420 X 187-2) 5.36 5.20 5.51 5.69 6.26 
BSBB X (0s420 X 187-2) 5.13 5.39 5.21 5.28 5.68 
Checks ECB DSR Rind Puncture 
B75 X CI31A 2.08 
B14A X C103 4.88 1.59 7, ,90 
B14A X 0h41 - 3.81 5, ,51 
0s420 X 187-2 7.35 4.57 5. ,48 
^The 0.05 LSD for any two corn borer, stalk rot, or rind puncture 
means are 0,60, 0.54, and 0.69, respectively. 
^Orthogonal polynomials are -2, -1, 0, 1, 2 (linear), 2, -1, -2, 
-1, 2 (quadratic), and -1, 2, 0, -2, 1 (cubic). 
*,** Regression coefficients significant at the 0.05 and 0.01 
probability level, respectively. 
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Regression coefficients^ 
Ave. bj bq 
2.74 -0.10 0.03 0.06 
3.47 -0.63** 0.37** -0.22** 
2.98 -0.21** 0.19** -0.10 
4.49 -0.15* 0.20** 0.03 
4.77 -0.61** 0.09 -0.26** 
s.e. 0.07 0.06 0.07 
2.97 -0.38** -0.07 0.01 
3.33 -0.36** 0.06 0.01 
3.27 -0.30** -0.08 -0.05 
3.72 -0.28** 0.08 0.00 
3.99 -0.07 0.11* -0.06 
s.e. 0.06 0.05 0.06 
5.94 0.13 0.08 -0.07 
5.76 0.30** 0.09 -0.07 
5.73 0.29** 0.08 0.02 
5.60 0.23** 0.10 -0.01 
5.34 0.10 0.04 0.08 
s.e. 0.08 0.07 0.08 
resistance nor rind strength increased. The simple correlation between 
DSR ratings and rind puncture was -0.81 (P < 0.01). 
The checks that were included in Experiments 1 and 2 represented 
the extremes for ECB and DSR ratings (Table 1). The susceptible check 
0s420 X 187-2 had higher ECB and DSR ratings than any other entry; 
likewise B75 x CI31A had a lower ECB rating and B14A x C103 a lower DSR 
rating than any other entry. However, BSAA(SRCB)C4 was not 
significantly different from the resistant checks for ECB and DSR 
resistance, indicating a high degree of resistance in the advanced 
cycle population of BSAA. BSBB(SRCB)C3 was not significantly different 
from 875 x C131A for ECB ratings. 
Genotype x treatment means for percentage of stalk lodging, root 
lodging, and soft stalks are shown in Table 2. Genotypes performed 
consistently across treatments for all these traits, as indicated by a 
nonsignificant genotype x treatment interaction from the combined 
analysis of variance (not shown). Linear regression coefficients for 
the stalk and root traits measured in Experiment 1 are shown in Table 
3. Highly significant or significant reductions in stalk lodging over 
cycles of selection were observed in all but one instance in both 
populations per se, their crosses, and their testcrosses to 0s420 x 
187-2. Under disease pressure (Treatments 2 or 4), root lodging did 
not change with selection; 86% of the variation for root lodging was 
accounted for by the among groups, checks and population versus checks 
sources of variation. A trend toward lower root lodging was observed 
only in BSAA per se (Treatments 1 and 3) and BSBB per se (Treatment 3). 
Table 2. Mean values for percentage of stalk lodging, root lodging, and 
soft stalks evaluated In five environments 
Stalk lodging {%) Root lodgine (%) 
Entries Treatments® 
12 3 4 12 3 4 
BSSAACO 16.3 23 .0 15.9 22.1 15.8 16.7 15.2 12.9 
BSAA(SRCB)C1 20.3 25 .1 17.4 19.1 20.2 14.1 14.2 14.8 
BSAA(SRCB)C2 6.7 19.7 10.9 10.6 14 .8 11.6 10.1 16.6 
BSAA(SRCB)C3 5.3 13.0 4.5 5.8 13 .8 14.9 8.6 9.9 
BSAA(SRCB)C4 2.9 6 .5 4.3 7.5 4.7 15.2 7.2 11.7 
BSBBCO 23.4 30 .8 23.7 17.4 6.5 5.6 17.6 6.9 
BSBB(SRCB)C1 12.0 14.2 13.2 11.4 6 .5 7.5 7.1 5.5 
BSBB(SRCB)C2 5.3 14 .3 11.5 10.4 4.5 3.2 6.2 4.8 
BSBB(SRCB)C3 4.5 18.0 11.9 4.0 8.0 7.4 8.3 4.0 
BSBB(SRCB)C4 6.3 15 .5 4.5 10.2 6 .1 6.4 6.8 5.0 
BSAACO X BSBBCO 17.2 22. ,6 19.3 18.2 9, 7 8.5 8.0 7.8 
BSAA(SRCB)C1 X BSBBCl 16.9 19 ,3 18.9 17.6 9.4 11.7 9.6 12.6 
BSAA(SRCB)C2 X BSBBC2 9.5 19, ,7 15.2 13.2 5. 9 10.3 16.9 9.5 
BSAA(SRCB)C3 X BSBBC3 8.0 19 ,9 4.0 8.1 8. 6 10.4 3.0 6.5 
BSAA(SRCB)C4 x BSBBC4 3.2 9, ,4 4.6 6.5 7. 6 16.6 9.1 10.4 
BSAACO X tester 41.7 47. 3 38.6 37.1 11. 3 9.8 16.0 13.9 
BSAA(SRCB)C1 X tester 30.0 36. 4 35.4 50.5 10. 3 13.0 .15.0 12.3 
BSAA(SRCB)C2 X tester 28.9 30. 3 23.6 30.0 14. 7 11.2 9.9 9.9 
BSAA(SRCB)C3 x tester 22.4 26.8 21.3 22.6 14. 5 13.1 15.1 10.4 
BSAA(SRCB)C4 X tester 19.7 31. 1 18.5 23.7 12. 1 7.6 10.2 11.8 
BSBBCO X tester 32.8 37. 3 32.3 38.7 11. 2 10.0 7.4 8.7 
BSBB(SRCB)C1 X tester 22.0 34. 1 27.9 25.6 12. 3 9.2 13.3 9.7 
BSBB(SRCB)C2 X tester 30.8 38.9 28.1 30.7 15. 3 7.6 9.7 8.1 
BSBB(SRCB)C3 x tester 24.9 31. 4 21.4 24.7 12. 9 10.5 7.9 10.3 
BSBB(SRCB)C4 X tester 19.9 26. 1 22.6 17.8 7. 9 12.0 7.5 6.2 
B75 X CI31A 7.0 10. 9 5.2 10.7 12. 3 4.7 10.0 7.1 
B14A X C103 0.3 0. 6 0.1 0.7 0. 0 0.3 0.3 1.2 
0s420 X 187-2 58.4 58. 6 51.5 59.3 10.8 12.7 9.0 5.7 
^Treatment designations are 1 = control, 2 = DSR inoculations, 3 = 
Ist-generation ECB infestations, 4 = ECB Infestations + DSR 
inoculations. 
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Table 3. Linear regression coefficients for changes In transformed 
values of stalk lodging, root lodging, and soft stalks 
averaged over five environments 
Trait 
stalk root soft 
Entry Group Treatment® lodging" lodging^ stalks" 
BSAA per se 1. Control -0.072** -0.047** -0.080** 
2. DSR -0.064** -0.003 -0.056** 
3. ECB -0.062** -0.035* -0.065** 
4. ECB + DSR -0.083** -0.011 -0.045** 
BSBB per se 1. Control -0.065** 0.002 -0.040** 
2. DSR -0.031* 0.003 -0.013 
3. ECB -0.061** -0.032* -0.045** 
4. ECB + DSR -0.035* -0.012 -0.009 
BSAA X BSBB 1. Control -0.063** -0.009 -0.046** 
2. DSR -0.036** 0.023 -0.061** 
3. ECB -0.073** -0.010 -0.051** 
4. ECB + DSR -0.051** -0.001 -0.048** 
BSAA X (0s420 X 187-2) 
1. Control -0.057** 0.009 -0.036** 
2. DSR -0.044** -0.008 -0.049** 
3. ECB -0.061** -0.017 -0.057** 
4. ECB + DSR -0.059** -0.009 -0.033* 
BSBB X (08420 X 187-2) 
1. Control -0.026 -0.011 -0.031* 
2. DSR -0.027* 0.008 -0.020 
3. ECB -0.030* -0.009 -0.026 
4. ECB + DSR -0.048** -0.009 -0.025 
s. e. 0.014 0.015 0.014 
®ECB = Ist-generatlon ECB Infestations; DSR = Olplodia stalk rot 
inoculations. 
^Transformed value = sin"! (fraction lodged or soft stalks)^. 
*,** Significant at the 0.05 and 0.01 probability level, 
respectively. 
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The percentage of soft stalks in Treatments 1 and 3 represents a 
measure of natural stalk rot development. Linear reductions in the 
percentage of soft stalks were most closely associated with the BSAÂ 
populations per se, the BSAA x BSBB crosses, and the BSAA testcrosses 
(Table 3). Reductions in the incidence of soft stalks in BSBB were 
observed only in the absence of disease inoculations (Treatments 1 or 
3). Linear regression coefficients tended to be of lower magnitude in 
Treatments 2 and 4 for all three traits in Table 3. The BSBB 
testcrosses, which showed nonsignificant linear changes in DSR ratings 
and rind puncture (Table 1), also showed less change in stalk lodging 
and soft stalks than the other population groups (Table 3). The BSAA x 
BSBB crosses did not significantly deviate from their midparent values 
for any of the stalk and root traits measured in Experiments 1 and 2. 
The combined analysis of variance (not shown) indicated a highly 
significant difference among treatment means for stalk lodging; no 
significant differences were observed for root lodging or soft stalk 
treatment means. The treatment means for stalk lodging, root lodging, 
and soft stalks (in transformed values) are shown in Table 4. 
Treatment 2 (D. mavdls inoculations) caused significantly greater stalk 
lodging than did the control treatment; ECB Infestations had no effect 
on stalk lodging compared to the control. In combination (Treatment 
4), ECB infestations had the effect of reducing stalk lodging Incidence 
when compared with D. mavdls inoculations alone (Treatment 2). ECB 
infestations reduced (nonslgnificantly) natural stalk rot incidence in 
Treatment 3 relative to the control and soft stalk incidence in 
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Table 4. Treatment means of transformed values for stalk lodging, root" 







1. Control 0.41 0.32 0.54 
2. DSR 0.50 0.31 0.57 
3. ECB 0.41 0.31 0.51 
4. ECB + DSR 0.44 0.30 0.54 
LSD (.05) 0.04 0.03 0.06 
®ECB = Ist-generation ECB infestations; DSR = Oiplodia stalk rot 
inoculations. 
''Transformed value = sin"* (fraction lodged or soft stalks)^. 
Treatment 4 relative to Treatment 2. This Improvement In stalk quality 
caused by ECB leaf feeding is not completely unexpected. According to 
Dodd's (1980) "photosynthetic stress-translocation balance" concept of 
predisposition of maize to stalk rot, a pre-flowering reduction in the 
photosynthetic leaf area, such as is caused by ECB leaf feeding, has 
the potential to reduce the grain sink size. A smaller grain sink 
after flowering may in turn reduce the demand for carbohydrate reserves 
in the plant, resulting in greater resistance to stalk-rotting 
organisms and less stalk lodging. 
Highly significant correlations were observed among most stalk 
quality traits; root lodging was correlated with stalk lodging at the 
0.05 level, but with no other traits (Table 5). The effect of 
treatments on the correlations involving the incidence of stalk 
lodging, root lodging, and soft stalks was minimal, so only 
correlations from the control treatment data are reported. 
Rind puncture was not as highly correlated with incidence of stalk 
lodging and natural stalk rot as were DSR ratings. The low correlation 
(0.26) between root lodging and improved DSR resistance may have 
resulted because artificial inoculations of D. maydis during the 
selection process bypassed the roots as an Infection court. A higher, 
but nonsignificant, correlation (0.45) between root lodging and natural 
stalk rot was observed. 
The effect of D. maydis inoculations on stalk lodging incidence 
for each cycle of selection may be estimated by subtracting Treatment 1 
means from Treatment 2 means. The result is the Increase in stalk 
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Table 5. Phenotyplc correlations among stalk quality traits; Dlplodia 
stalk rot (DSR) and rind puncture evaluated in two 
environments; stalk and root lodging, and natural stalk rot 
incidence evaluated in control treatment (uninoculated) in 
five environments 
Trait 2 3 4 5 
1. DSR -0.81** 0.87** 0.26 0.79** 
2. Rind puncture -0.70** -0.21 -0.56** 
3. Stalk lodging® 0.49* 0.93** 
4. Root lodging® 0.45 
5. Natural stalk rot® 
^Transformed values = sin"^ (fraction lodged or soft stalks)^. 
*,**Signifleant at the 0.05 and 0.01 probability level, 
respectively. 
lodging due to D. maydls inoculations. A test for the ability of 
genetic resistance to reduce the additional amount of stalk lodging 
caused by D. maydls inoculations was made by correlating the difference 
(Treatment 2 - Treatment 1) in stalk lodging incidence with DSR ratings 
and rind puncture values. The correlation coefficients for DSR ratings 
and rind puncture values with the effect of D. maydls inoculations on 
stalk lodging were -0.51 and 0.53 (P < 0.01), respectively. This means 
that as DSR ratings decreased, or rind strength Increased, the 
difference, Treatment 2 - Treatment 1, increased. In other words, the 
Incidence of stalk lodging in the Improved populations was affected to 
a greater degree by a high level of disease pressure than in the 
original populations. This Is not to say that selection was 
ineffective, for stalk lodging was greatly reduced for the Improved 
populations in Treatments 1 and 2. It Is possible, however, that the 
Importance of physical stalk strength in stalk lodging resistance comes 
into play most under disease pressure after the pith has succumbed to 
stalk rot. Selection for DSR resistance alone could leave the improved 
cycle populations with an Inadequate level of stalk strength. Under 
natural stalk rot conditions (Treatment 1), DSR stalk resistance alone 
may be enough to reduce stalk lodging; under high disease pressure 
(Treatment 2), however, higher levels of stalk strength (not selected 
for) may be required to minimize stalk lodging. 
The results of this study, along with those of Penny et al. (1967) 
and Klenke et al. (1986), demonstrate that three cycles of S^ recurrent 
selection should generally be sufficient to produce breeding 
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populations with a high degree of resistance to leaf feeding by the 
ECB. These results confirm that leaf-feeding resistance is under the 
control of genes at relatively few loci, each acting in an additive 
manner. The results also show that resistance to DSR may be achieved 
through similar methods, only more loci may be involved and more cycles 
of recurrent selection required to produce-a similar level of 
resistance. Selection for improved resistance to artificial 
inoculations of D. mavdis may be expected to improve resistance to 
stalk lodging and natural stalk rot development. Selection for DSR 
resistance is likely to be associated with increased stalk strength, as 
was found by Devey and Russell (1983) and Martin and Russell (1984), 
but selection for both is recommended to produce maximum standability 
under environmental situations conducive to stalk rot development. 
There were no indications that concurrent selection for resistance 
to ECB and to DSR was any less effective than when selection has been 
on a single trait basis. Realized gains were of similar or higher 
magnitude as those reported by Devey and Russell (1983), Martin and 
Russell (1984), or Tseng et al. (1984). 
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SECTION II. DISTRIBUTIONS AMONG Sj LINES FOR EUROPEAN CORN BORER AND 
STALK ROT RESISTANCE RATINGS IN TWO MAIZE SYNTHETICS 
IMPROVED BY RECURRENT SELECTION 
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ABSTRACT 
Four cycles of recurrent selection were used to reduce leaf-
feeding damage caused by first-generation European corn borer (Ostrlnla 
nubllalls Hiibner) (ECB) and pith decay associated with Dlplodla 
(Dlplodla mavdls (Berk.) Sacc.) stalk rot (DSR) In two maize (Zea mays 
L.) synthetics, BSAA and BSBB. Recurrent selection was based on the 
evaluation of Sj progenies. For this study, one hundred unselected Sj 
lines from each of the original (CO) and Improved (C4) populations of 
BSAA and BSBB were evaluated for ECB resistance, DSR resistance, and 
stalk rind puncture. The C4 populations of both synthetics were more 
resistant than the CD's to ECB leaf feeding following artificial 
Infestations, were more resistant to DSR following artificial 
Inoculations, and possessed harder stalks. The differences between the 
CO and C4 population means were highly significant (P < 0.01) In all 
Instances. Reductions In genetic variation were observed in BSAA for 
ECB ratings and in BSBB for all three traits. The reductions in 
genetic variation were especially dramatic for ECB ratings, indicating 
that relatively few gene pairs were segregating for leaf feeding 
resistance in BSAA and BSBB. Low and generally nonsignificant 
correlations between DSR ratings and rind puncture readings indicated 
that selection for both traits would be justified to improve field 
stalk lodging resistance. 
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INTRODUCTION 
Quantitative genetic theory Indicates that Sj recurrent selection 
will be most effective In selecting for genes that act in an additive 
manner. Experiments designed to determine the types of gene action 
involved in the resistance of maize (Zea mays L.) to first-generation 
European corn borer (Ostrlnla nubllalls Hiibner) (ECB) and Dlplodla 
(Dlplodla mavdis (Berk.) Sacc.) stalk rot (DSR) have shown that, while 
dominance and eplstatlc effects are significant In some crosses or 
populations, additive effects are of much greater magnitude (Scott et 
al., 1964; Rubis, 1954; Kappelman and Thompson, 1966). 
Resistance to first-generation ECB is expressed as resistance to 
leaf-feeding by first-lnstar larvae during the mid-whorl stage of plant 
development (Guthrie and Dicke, 1972). Relative levels of resistance 
following artificial infestations are commonly evaluated on a l-to-9 
scale, where 1 = highly resistant and 9 = highly susceptible (Guthrie 
et al., 1960). When used to evaluate selfed progenies in recurrent 
selection programs, the method has effectively reduced the population 
mean over three cycles of selection, but has caused large reductions in 
the genetic variance among progenies (Tseng et al., 1984; Klenke et 
al., 1986). Visual ratings of leaf-feeding resistance cannot 
effectively distinguish among individual lines that rate In the upper 
one-third of the scale (Penny et al., 1967). The number of cycles of 
Sj recurrent selection for which progress for leaf-feeding resistance 
may be expected depends largely on the level of resistance in the 
source population, as suggested by Penny et al. (1967). Of the five 
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synthetics that they evaluated, the two that had the highest leaf-
feeding resistance after three cycles of Sj recurrent selection were 
also those that were most resistant as COs. The greatest amount of 
progress for leaf-feeding resistance Is usually made In the first cycle 
of selection (Penny et al., 1967; Tseng et al., 1984). 
Resistance to DSR following artificial Inoculation Is expressed as 
resistance to disease spread from the point of Inoculation. An extreme 
reaction to D. mavdls Inoculation results In premature death, which Is 
a leading symptom under natural conditions. Relative levels of 
resistance are commonly evaluated using a l-to-6 scale based on the 
percentage of discoloration in the pith tissue (1 = resistant; 6 = 
susceptible). Despite the complex nature of the genetic and 
environmental Influences on stalk rot resistance, the constraints of a 
scale with only six classes may serve to reduce the genetic variability 
among progenies in a recurrent selection program, as was reported by 
Martin and Russell (1984) for DSR ratings. Martin and Russell (1984) 
showed how a metrical measure of mechanical stalk strength could be 
used to Improve both stalk strength and DSR resistance, without 
decreasing the genetic variance among progenies in a recurrent 
selection program. Devey and Russell (1983) concluded that three 
cycles of Sj recurrent selection for mechanical stalk strength, 
following four cycles of Sj recurrent selection for DSR resistance in 
the open-pollinated variety 'Lancaster,' made use of genetic 
variability not detectable when evaluation was for DSR resistance 
alone. 
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Martin and Russell (1984) reported significant improvements for 
rind puncture readings when selection was for DSR resistance or 
mechanical stalk strength; the genetic variability for rind puncture 
readings among selfed progenies in the C3 populations was nearly two 
times larger than in the CO. 
The objective of this study was to evaluate distributions of Sj 
lines from the original (CO) and most advanced (C4) populations of BSAA 
and BSBB for ECB ratings, DSR ratings, and rind puncture readings. 
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MATERIALS AND METHODS 
BSAA and BSBB are genetically diverse maize synthetics of early 
AES800 maturity. The 58 and 44 Inbred lines that were recomblned to 
form the original BSAA and BSBB populations, respectively, were 
selected to represent a sampling of the best material available from 
public Corn-Belt breeding programs (Russell et al., 1971). 
The four cycles of recurrent selection in BSAA and BSBB were based 
on the evaluation of Sj lines for resistance to ECB (leaf feeding) and 
DSR (pith spread). Evaluations for each trait were made in separate 
experiments in the same year, with identical procedures being followed 
for each synthetic. Twenty Sj lines were recomblned in each cycle of 
selection (with the exception of cycle 2 when 18 and 16 lines were 
recomblned for BSAA and BSBB, respectively). The selection Intensity 
ranged from 10 to 15%. A description of the development of 
BSAA(SRCB)C4 and BSBB(SRCB)C4 has been published (Russell and Guthrie, 
1983). 
The lines used in this study were produced without selection by 
self-pollinating Sq plants from the following heterogeneous 
populations: BSAACO, BSAA(SRCB)C4, BSBBCO, and BSBB(SRCB)04. One-
hundred Sj lines from each population were evaluated for DSR and rind 
puncture in 1984 and 1985 at the Agronomy and Agricultural Engineering 
Research Center near Ames; separate experiments were used for BSAA and 
BSBB. These same experiments were planted at the Atomic Energy 
Research farm, near Ames, for ECB resistance evaluation. 
The experimental design was a balanced Incomplete block with 
replications within sets, as described by Hallauer and Miranda (1981). 
There were three replications within each of five sets; each set 
consisted of 20 lines from the CO and 20 lines from the C4, 
The DSR and rind puncture evaluation experiments were hand-planted 
in 1984 and machine-planted in 1985. The hand-planted plots were 
single rows measuring 0.76 x 5.42 m. Seeds were planted two per hill 
in 16 hills spaced 33.8 cm, and later thinned to one plant per hill for 
a final density of 39 508 plants ha~^. The machine-planted plots 
measured 0.76 x 4.91 m, were overplanted and later thinned to the same 
plant density and within-row spacing as the hand-planted plots. 
Approximately 10 days after anthesis, each plant was jab 
inoculated with a suspension of D. maydis. A free-flow syringe was 
used to create a wound and to deliver approximately 0.5 ml of the 
suspension (1.5 x 10'* spores ml~^) into the first fully elongated 
internode above the ground. Six weeks after inoculation, five 
competitive plants per plot were split and the stalk rot rated for the 
degree of spread from the point of inoculation. A l-to-6 scale was 
used: 1, 2, 3, and 4 = 1 to 25, 26 to 50, 51 to 75, and 76 to 100% of 
the inoculated internode infected, respectively; 5 = the infection 
extending into one or both adjacent internodes; and 6 = prematurely 
dead plant. 
Approximately two weeks after anthesis, five plants per plot were 
measured for rind strength using a rind penetrometer equipped with a 
Dillon force gauge. Measurements were made on competitive plants In 
the Internode below the top ear. Records were made In pounds and later 
converted to kilograms. 
The ECB evaluation experiments were machine-planted Into single 
rows in 1984 and 1985. Eighteen seeds were planted into plots 
measuring 0.76 x 3.30 m and later thinned to 13 plants for a final 
density of 51 666 plants ha~^, 
Artificial Infestations of ECB were made by dropping approximately 
250 ECB eggs or flrst-lnstar larvae into the whorl of the plant, 
beginning In mid-June. Five applications were made at approximately 
two-day Intervals, each consisting of either two egg masses (1984) (25 
eggs mass'l) or their equivalent number of freshly hatched larvae 
suspended in corn cob grits (1985). Ratings were made approximately 
two weeks after the final infestation, using the l-to-9 scale described 
by Guthrie et al. (1960) (1 = highly resistant, 9 = highly 
susceptible). The level of infestation was monitored through the use 
of resistant and susceptible checks planted in strips 20 rows apart 
throughout the field. The Fg generations of B75 x CI31A and WF9 x 1205 
served as resistant and susceptible checks, respectively. 
All data were expressed as plot means for the purposes of 
statistical analyses. A combined analysis of variance (1199 d.f.) was 
made with years considered random effects. The sums of squares for 
lines within sets (195 d.f.) were partitioned into variation due to CO 
lines and C4 lines (95 d.f. each) and CO vs C4 (5 d.f.). The lines 
within sets by year (195 d.f.) and experimental error (780 d.f.) 
sources of variation were similarly partitioned so that the variance 
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components {a§, o^g, a|), genotyplc and phenotyplc correlation 
coefficients, and herltablllty estimates could be calculated. F-tests 
were made using the appropriate mean square based on their expected 
variance components. The standard errors of variance components were 
calculated as described by Hallauer and Miranda (1981). Ninety-
percent confidence Intervals were calculated for the herltablllty 
estimates In the manner of Knapp et al. (1985). 
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RESULTS AND DISCUSSION 
Highly significant differences (P < 0.01) were observed among 
lines within sets (95 d.f.) for all traits in the CO and C4 populations 
of both synthetics (analyses of variance not shown). The genotype x 
environment Interaction (195 d.f.) used to test the lines within sets 
source of variation was significant or highly significant in every 
instance, but generally of low magnitude relative to the genotype 
source of variance. Therefore, only parameters estimated from the 
combined analysis will be discussed. These parameters are summarized 
in Table 1. The changes in mean from the CO to the C4 were highly 
significant for all three traits in both synthetics, based on the CO vs 
C4 contrast (5 d.f.) from the analyses of variance (not shown). 
The distributions for leaf-feedings ratings are shown in Figures 1 
and 2. First-generation ECB ratings were Improved to a much greater 
extent for BSBB than for BSAA. The mean of BSBB(SRCB)C4 was 2.9 units 
lower than for BSBBCO, for an average gain of -0.72 units cycle"! of 
selection. This is in excess of expected gains calculated during the 
selection process, which averaged -0.41 units cycle"!; realized gain 
over cycles of selection in the populations per se were -0.63 units 
cycle"! (Nyhus, 1987). Nyhus (1987) reported that 80% of the 
improvement for leaf-feeding resistance in BSBB came in the first cycle 
of selection. The mean of BSAA(SRCB)C4 was only 0.5 units lower than 
BSAACO, for an average gain of -0.12 units cycle"!. This corresponds 
to a nonsignificant linear change over cycles of selection of -0.10 for 
BSAA populations per se reported by Nyhus (1987), who attributed the 
Table 1. Population means, ranges, variance components, and entry mean heritabllity estimates 
for Ist-generation ECB ratings, Diplodia stalk rot ratings, and rind puncture In the 
CO and C4 populations of BSAA and BSBB evaluated in 1984 and 1985 
Population Mean® Range CTq + s.e. 'GE i s.e. (Tg + s.e. (CI)' 
BSAACO 3.2 
BSAA(SRCB)C4 2.7 
Ist-generation ECB (1-9) 
2.0 - 7.2 0.87 i 0.16 0.12 + 0.08 1.15 + 0.08 





2.7 - 9.0 
2.0 - 5.2 
1.89 + 0.34 
0.36 + 0.09 
0.22 + 0.13 
0.13 + 0.08 
1.97 + 0.14 
1 .11  +  0 .08  
81.2 (73.9,86.5) 
59.1 (43.1,70.6) 
BSAACO 2.5 1.3-4.4 
BSAA(SRCB)C4 1.9 1.2 - 4.9 
Diplodia stalk rot (1-6) 
0.27 + 0.06 0.02 + 0.03 0.57 + 0.04 
0.29 + 0.06 0.05 + 0.03 0.39 + 0.03 
71.6 (60.5,79,5) 
76.1 (66.8,82.8) 
BSBBCO 3.0 1.8 - 4.5 0.30 + 0.07 0.10 + 0.04 0.51 + 0.04 
BSBB(SRCB)C4 2.0 1.1 - 4.0 0.19 + 0.04 0.07 + 0.03 0.37 + 0.03 
69.5 (57.6,78.0) 
65.3 (51.8,75.0) 
BSAACO 5.3 4.1-7.5 
BSAA(SRCB)C4 6.4 4.9 - 8.0 
Rind puncture (kg) 
0.26 + 0.06 0.07 + 0.03 0.47 + 0.03 
0.36 + 0.07 0.06 + 0.04 0.60 + 0.04 
69.4 (57.5,78.0) 
73.6 (63.4,81.0) 
BSBBCO 5.3 3.8 - 7.4 0.49 + 0.08 0.03 + 0.03 0.38 + 0.03 
BSBB(SRCB)C4 6.6 4.9 - 8.4 0.36 + 0.07 0.06 + 0.04 0.58 + 0.04 
85.9 (80.4,89.9) 
73.4 (63.1,80.9) 
®The difference between the CO and C4 populations is highly significant (P < 0.01) for all 
three traits in both synthetics. 
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Figure 1. Frequency distributions for Ist-generatlon ECB ratings of 100 
Sj lines from BSAACO and BSAA(SRCB)C4, combined over two 
years (arrows Identify population means; class interval = 
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Figure 2. Frequency distributions for ist-generation ECB ratings of 100 
lines from BSBBCO and BSBB(SRCB)C4, combined over two 
years (arrows identify population means; class interval = 
standard error of the difference between two means) 
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low response in BSAA to a high degree of resistance in the CO. 
Expected gains in BSAA averaged -0.42 units cycle~^. The genetic 
variance component for ECB resistance was reduced from the CO to the C4 
by a factor of three and five in BSAA and BSBB, respectively (Table 1). 
Heritability estimates in the C4 were significantly lower than in the 
CO of both synthetics. This large reduction in genetic variation, 
combined with the rapid progress achieved in BSBB, indicates that 
relatively few gene pairs were segregating in these populations. 
Alleles conditioning a greater degree of resistance may be present in 
BSAA or BSBB, but, if so, they remain undetected by the visual scale 
used in this study. The lowest rating given to any genotype on the 
plot basis was 2; a rating of 1 is attained only by individual plants 
or homozygous lines. Consequently, the most resistant S^ line in 
BSAA(SRCB)C4 rated no more resistant than the most resistant line in 
BSAACO. The change in the mean of all S^ lines in BSAA can be 
explained by the elimination of susceptible individuals. Distributions 
for leaf-feeding ratings tended to be skewed toward resistance; only 
the BSBBCO frequency distribution did not seem to be truncated at the 
low end of the scale (Figures 1 and 2). While further progress for ECB 
resistance would be unlikely in BSAA and BSBB using field ratings, it 
is possible that significant genetic variation for known chemical 
resistance factors — such as 2,4-dihydroxy-7-methoxy-l,4-benzoxazin-3-
one (DIMBOA) (Klun et al., 1970) — exists in these populations; 
therefore, selection for high DIMBOA content may enhance the resistance 
of these synthetics to first-generation ECB. Chemical analysis of leaf 
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tissue is not in routine use because of its time-consuming nature. A 
rapid and simple technique for chemical analysis, such as suggested by 
Robinson et al. (1982), may have practical use following initial 
screening for field resistance. 
The distributions for DSR ratings are shown in Figures 3 and 4. 
Expected gains, calculated from Sj progeny data during the selection 
process, averaged -0.45 and -0.34 units cycle"* for BSAA and BSBB, 
respectively. In this study, the mean of BSAA(SRCB)C4 was 0.60 units 
lower than BSAACO, for an average gain of only -0,15 units cycle 
(Table 1). The mean of BSBB(SRCB)C4 was 1.0 units lower than BSBBCO, 
for an average gain of -0.25 units cycle"*. In both instances, 
realized gains per cycle were lower than those based on populations per 
se reported by Nyhus (1987) (-0.38 cycle for BSAA and -0.36 cycle"* for 
BSBB). The DSR development was allowed to progress one week longer in 
the populations than in the Sj material; consequently, the Sj lines, on 
the average, had lower DSR ratings than the synthetics per se. This 
may account for the apparently skewed distributions in the C4 
populations and be responsible for the smaller gains per cycle when 
progress was measured with selfed progenies. The genetic variation and 
entry-mean heritability estimates for DSR ratings were lower in the CO 
than in the C4 for BSAA; the opposite was true for BSBB. The 
difference in heritablllties was nonsignificant for both synthetics. 
The increased variation in BSAA, however, was not reflected in a 
meaningfully lower range of values (Table 1); the most resistant Sj 




















Stalk Rot  score (1-6)  
Figure 3. Frequency distributions for Diplodia stalk rot ratings of 100 
Sj lines from BSAACO and BSAA(SRCB)C4, combined over two 
years (arrows identify population means: class Interval = 




















Stalk Rot  score (1~6) 
Figure 4. Frequency distributions for Dlplodla stalk rot ratings of 100 
lines from BSBBCO and BSBB(SRCB)C4, combined over two 
years (arrows Identify population means; class Interval = 
standard error of the difference between two means) 
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BSAA(SRCB)C4 rated only 1.2. The Improvement In BSAA, therefore, 
resulted from a higher frequency of lines ratings less than 2. 
The distributions for rind puncture readings are shown In Figures 
5 and 6; none shows an obvious deviation from a normal distribution. 
The changes In genetic variation and entry-mean herltablllty estimates 
followed the pattern observed for the DSR ratings. The genetic 
variance component was larger in the C4 than In the CO for BSAA, and 
smaller in the C4 than in the CO for BSBB. The range of values was 
shifted upward in both synthetics. The herltablllty for rind puncture 
was higher but not significantly different in the 04 when compared with 
the CO of BSAA; the herltablllty of the C4 was significantly lower than 
the CO of BSBB (Table 1). 
The correlations among traits are presented Tables 2 and 3 for 
BSAA and BSBB, respectively. The correlations of DSR resistance with 
first-generation ECB resistance were positive, but of low magnitude In 
the CO of both synthetics. The association was closer for BSAA, with a 
phenotyplc correlation coefficient of 0.20 (P < 0.05) and a genotyplc 
correlation coefficient of 0.27. Selection reduced the association 
between DSR and ECB resistance in both synthetics; in BSBB the 
genotyplc and phenotyplc correlations became negative in the C4. The 
low magnitude of the correlations indicates that linkage disequilibrium 
or pleiotropy did not play an important role in the selection response; 
consequently, there should be no genetic hindrance to developing inbred 



































Figure 5. Frequency distributions for rind puncture readings of 100 Sj 
linos from BSAACO and BSAA(SRCB)C4. combined over two years 
(arrows Identify population means; class interval = standard 
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Rind puncture (kg) 
Figure 6. Frequency distributions for rind puncture readings of 100 Sj 
lines from BSBBCO and BSBB(SRCB)C4, combined over two years 
(arrows identify population means; class interval = standard 
error of the difference between two means) 
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Table 2. Phenotypic (above diagonal) and genotyplc (below diagonal) 
correlations for Ist-generatlon ECB ratings, Dlplodla stalk 
rot (DSR) ratings, and rind puncture readings of 100 Sj lines 
of BSAACO (top number) and BSAA(SRCB)C4 (bottom number) 
evaluated in 1984 and 1985 
Trait 




0 .02  
-0 .11  
-0 .06 













- 0 , 1 2  
*,**Signlfleant at the 0.05 and 0.01 probability level, 
respectively. 
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Table 3. Phenotyplc (above diagonal) and genotypic (below diagonal) 
correlations for Ist-generation ECB ratings, Diplodla stalk 
rot (DSR) ratings, and rind puncture readings of 100 lines 
of BSBBCO (top number) and BSBB(SRCB)C4 (bottom number) 
evaluated in 1984 and 1985 
Trait 
1. ECB ratings 
BSBBCO 0.10 0.02 
BSBB(SRCB)C4 -0.09 0.11 
2. DSR ratings 
BSBBCO 0.14 -0.17 
BSBB(SRCB)C4 -0.12 -0.16 
3. Rind puncture 
BSBBCO 0.01 -0.21 
BSBB(SRCB)C4 0.03 -0.27 
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The correlations of ECB ratings with rind puncture values were low 
and nonsignificant in all instances, which is in agreement with data 
presented by Klenke et al. (1986) from the synthetic BS9. In both BSAA 
and BSBB, the association tended to increase or become less negative 
with selection. 
The phenotypic correlations of DSR resistance with rind puncture 
were -0.34 (P < 0.01) and -0.24 (P < 0,05) for the CO and C4 of BSAA, 
respectively. The genotypic correlations follow a similar trend of 
becoming reduced (less negative) through selection. These values, 
though statistically significant, are low enough not to be of selective 
value. The phenotypic correlations of DSR resistance with rind 
puncture in BSBB were nonsignificant, and did not change appreciably 
over cycles. However, the genotypic correlation was increased from the 
CO to the C4. Martin and Russell (1984) reported a significant 
phenotypic correlation of -0.25 between DSR resistance and rind 
puncture in the synthetic BSl. This correlation was increased to -0.60 
and -0.48 after three cycles of Sj recurrent selection for mechanical 
stalk strength and DSR resistance, respectively. It does not seem that 
selection for DSR resistance in BSAA or BSBB will produce a population 
with all the potential rind strength that may be necessary to maximize 
field stalk lodging resistance. A high level of disease resistance in 
combination with a physically strong stalk is necessary for good 
standability, particularly under high disease pressure. A low 
correlation between disease resistance and rind strength, as was found 
in BSAA and BSBB, would Justify selection for both traits in an applied 
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breeding program for which good standablllty Is an Important selection 
objective. 
The results of this study demonstrate that Sj recurrent selection 
was effective In Increasing the frequency of lines resistant to both 
ECB and DSR In the C4 populations of BSAA and BSBB, relative to their 
respective base populations. For a plant breeder, the 04 populations 
will be more desirable populations from which to derive maize inbreds 
resistant to these two pests. The utility of inbreds so derived will 
depend to some degree on the indirect effects of selection on important 
agronomic traits, which will be discussed in a subsequent paper. These 
results also confirm that recurrent selection for leaf-feeding 
resistance by the ECB may be expected to effect rapid change, but with 
a corresponding loss in genetic variability. Therefore, further 
progress for leaf-feeding resistance beyond four cycles of selection is 
not expected in BSAA or BSBB. S^ recurrent selection for DSR 
resistance was also effective, but low correlations between disease 
resistance and rind strength indicate that concurrent selection for 
both traits would be profitable and make better use of the genetic 
variability for stalk quality. 
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SECTION III. CHANGES IN AGRONOMIC TRAITS ASSOCIATED WITH RECURRENT 
SELECTION IN TWO MAIZE SYNTHETICS FOR RESISTANCE TO 




The agronomic performance of two maize fZea mays L.) synthetics, 
BSAA and BSBB, was investigated following four cycles of recurrent 
selection for resistance to first-generation European corn borer 
fOstrinia nubilalia Hiibner) (ECB) and Oiplodia (Diplodia mavdis (Berk.) 
Sacc.) stalk rot (DSR). The original and four improved cycle 
populations (CO to C4), their crosses to a single-cross tester, crosses 
between synthetics, and three single-cross checks were evaluated in 
five Iowa environments. Artificial infestations of ECB and 
inoculations of D. mavdis were used to assess the ability of genetic 
resistance to reduce yield losses. Highly significant grain yield 
reductions were observed in both synthetics per se, and averaged 20% 
from the CO to the C4 in the absence of disease or insect pressure. 
Bar length was the main component contributing to grain yield 
reductions. Changes toward earlier pollen date were closely associated 
with, and may be the causal factor in, reductions in plant height 
observed in both synthetics. The level of resistance achieved in the 
improved populations of BSBB was sufficient to eliminate grain yield 
losses caused by ECB Infestations and D. mavdis inoculations relative 
to a control treatment. Additional genetic studies suggested that the 
response of most of the agronomic traits evaluated may be explained by 
gene frequency changes resulting from selection. Inbreeding depression 
caused by random genetic drift played a small role in most traits, with 
the possible exception of grain yield in BSBB. 
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INTRODUCTION 
Recurrent selection programs based on the evaluation of S} 
progenies were conducted in the maize (Zea mays L.) synthetics BSAA and 
BSBB to Increase the frequency of genes conditioning resistance to both 
first-generation European corn borer (Ostrlnia nubllalls Htibner) (ECB) 
and Olplodla (Dlplodla mavdls (Berk.) Sacc.) stalk rot (DSR). Two 
cycles of recurrent selection In BSAA and three cycles in BSBB produced 
populations that were statistically as resistant to ECB leaf feeding as 
a highly resistant single-cross check. Selection for DSR resistance 
was highly effective through all four cycles of selection (Nyhus, 
1987a). A study of unselected lines derived from the CO and C4 
populations of both synthetics indicated that the improved (04) 
populations had greater potential as sources of maize inbreds resistant 
to both ECB and DSR (Nyhus, 1987b). The utility of inbreds derived 
from the 04 populations of BSAA and BSBB will depend to some degree on 
the indirect effects of selection on Important agronomic traits. 
Previous research has indicated that recurrent selection for stalk 
quality traits (Devey and Russell, 1983; Martin and Russell, 1984; 
Davis and Crane, 1976; Thompson, 1982) or ECB resistance (Klenke et 
al., 1986; Russell et al., 1979) has resulted In decreased yielding 
ability. Rehn and Russell (1986) studied three synthetics improved for 
stalk quality and two synthetics Improved for ECB resistance. They 
concluded that selection for stalk quality resulted in the 
repartltlonlng of the photosynthate into the stover as evidenced by 
decreased harvest Index over cycles of selection; selection for ECB 
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resistance, however, resulted in a general loss of vigor with no change 
in photosynthate partitioning. If the genes that condition pest 
resistance have pleiotropic effects or are in linkage disequilibrium 
with genes controlling other quantitative traits of agronomic 
importance, then such changes would be expected. Alternatively, 
unfavorable changes in agronomic traits in. a recurrent selection 
program may be the result of sampling variation (genetic drift) if too 
few individuals are selected to become the parents of subsequent cycle 
populations. Genetic drift is a random and cumulative change in gene 
frequency over cycles, and may be expected to result in inbreeding 
depression for traits with directional dominance (Falconer, 1981). 
Smith (1979a, b, 1983) has developed a model that separates the effects 
of genetic drift from those of selection. The Smith model interprets 
the change in the population mean over cycles of selection as a 
function of the average change in gene frequency and of nonepistatic 
gene effects (Smith, 1979a), and has been applied to correlated 
responses to Sj recurrent selection. Martin (1982) concluded that 
decreases In yield and yield components in two synthetics selected for 
stalk quality were caused by gene frequency changes resulting from 
selection; gene frequency changes resulting from sampling were not 
significant. The results suggest that in these synthetics, genes for 
stalk quality are either linked to unfavorable "yield genes," or have a 
pleiotropic effect on yield and stalk quality. Klenke (1985) 
attributed an 18.8% yield loss over four cycles of Sj recurrent 
selection for first- and second-ECB resistance in BS9 to genetic drift; 
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an additional 8.4% yield loss was attributed to gene frequency changes 
due to selection. Hoard and Crosbie (1986) reported that the effects 
of drift and selection on grain yield in two synthetics selected for 
five cycles of recurrent selection for cold tolerance were of opposite 
sign but equal magnitude. Consequently, grain yield did not change 
over cycles of selection. 
The objectives of this study were: 1) to measure the changes in 
11 plant, ear, and grain traits associated with selection for 
resistance to ECB and to DSR, 2) to evaluate the ability of pest 
resistance to compensate for the effects of disease and/or Insect 
pressure on grain yield and yield components, and 3) to estimate the 
genetic causes of gene frequency changes from indirect response to 
selection. 
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MATERIALS AND METHODS 
BSAA and BSBB are genetically diverse maize synthetics of early 
AES800 maturity. The 58 and 44 inbred lines that were recombined to 
form the original BSAA and BSBB populations, respectively, were 
selected to represent a sampling of the best material available from 
public Corn-Belt breeding programs (Russell et al., 1971). The BSAA 
parents were primarily of 'Lancaster' background and the BSBB parents 
were primarily of 'Iowa Stiff Stalk' background. 
The four cycles of recurrent selection in BSAA and BSBB were based 
on the evaluation of Sj lines for resistance to ECB (leaf-feeding) 
resistance and to DSR (pith spread). Evaluations for each trait were 
made in separate experiments in the same year, with identical 
procedures being followed for each synthetic. Grain yield was not a 
selection criterion; however, in each cycle, Sj lines were selected so 
that average pollen-shed date was no later than the average of all 
lines in the experiment. Twenty selected Sj lines were recombined in 
each cycle of selection (with the exception of cycle 2 when 18 and 16 
lines were recombined for BSAA and BSBB, respectively). The selection 
intensity ranged from 10 to 15%. In the first generation of random 
mating for each cycle, early x late crosses were made to avoid 
assortatlve mating for maturity. A description of the development of 
BSAA(SRCB)C4 and BSBB(SRCB)C4 has been published (Russell and Guthrie, 
1983). 
Indirect responses to selection in BSAA and BSBB were evaluated in 
three experiments for days to pollen, days to silk, plant height, ear 
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height, ears per plant, ear length, ear diameter, kernel depth, kernel 
row number, 300-kernel weight, and grain yield. 
Experiment I was grown over three years (1984 to 1986) at two Iowa 
locations (Ames and Ankeny). Data from only five of the six 
environments were used In the analysis; the 1986 Ankeny data were not 
obtained because of extreme root lodging near anthesls. 
The experimental design was a randomized complete block, utilizing 
a split-plot layout. Treatments, consisting of the following, were 
assigned to the whole plots: 
1. Control; carbofuran applied at weekly intervals during ECB 
moth flights; 
2. Artificial inoculations with a suspension of D. mavdis; 
3. Artificial infestations of first-generation ECB egg masses or 
larvae; 
4. Combination of Treatments 2 and 3. 
Entries, consisting of the following 28 genotypes, were assigned 
to subplots: the original and improved cycle populations of BSAA and 
BSBB per se (BSAACO, BSAA(SRCB)C1, BSAA(SRCB)C2, BSAA(SRCB)C3, 
BSAA(SRCB)C4, BSBBCO, BSBB(SRCB)C1, BSBB(SRCB)C2, BSBB(SRCB)C3, 
BSBB(SRCB)C4, cycle crosses between the synthetics (BSAACn x BSBBCn), 
and the original and Improved cycle populations of BSAA and BSBB 
crossed to the single-cross tester 0s420 x 187-2. Three single-cross 
checks were included: 875 x CI31A (ECB resistant), B14A x C103 (DSR 
resistant), and 0s420 x 187-2 (highly susceptible to ECB and DSR). 
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Single-row plots were hand-planted in 1984 and machine-planted in 
1985 and 1986. The hand-planted plots measured 0.76 x 4.32 m. Seeds 
were planted two per hill in 17 hills spaced 25.4 cm, and later thinned 
to one plant per hill for a final density of 51 666 plants ha"*. The 
machine-planted plots measured 0.76 x 4.83 m, were overplanted, and 
later thinned to the same plant density and within-row spacing as the 
hand-planted plots. 
Three replications were grown in each environment. In the 1984 
Ankeny environment, one replication was discarded because of flooding. 
Artificial infestations of BOB were made in all environments by 
dropping approximately 200-250 ECB eggs or first-instar larvae into the 
whorl of the plant, beginning in mid-June. Four applications were made 
in 1984 and 1985 and five applications in 1986. Each application 
consisted of either two egg masses (1984) (25 eggs mass"^) or their 
equivalent number of freshly hatched larvae suspended in corn cob grits 
(1985 and 1986), with applications made two days apart on the average. 
Approximately 10 days after anthesis, all plants in Treatments 2 
and 4 were jab Inoculated with a suspension of D. maydis. A free-flow 
syringe was used to create a wound and deliver approximately 0.5 ml of 
the suspension (1.5 x 10^ spores ml"^) to the first fully elongated 
internode above the ground. 
The number of days (after June 30) to 50% pollen shed (pollen 
date) and to 50% silk emergence (silk date) were recorded for each plot 
in the three Ames environments. Plant and ear heights were measured on 
five competitive plants in each plot after anthesis. Pollen and silk 
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dates and plant and ear heights were obtained In Treatment 1 only. At 
harvest time, ears from 10 competitive plants per plot were manually 
harvested and dried to a uniform moisture. The following data were 
recorded: dry shelled weight per plot converted to Mg ha~^ (grain 
yield), the total number of ears divided by the number of plants 
harvested (ears per plant), the total length of all ears divided by the 
number of plants harvested (ear length), the total diameter of primary 
ears divided by the number of primary ears (ear diameter), the total 
diameter of primary ears minus the total diameter of their cobs divided 
by the number of primary ears divided by two (kernel depth), the 
average number of kernel rows of the primary ears (row number), and the 
weight of a 300-kernel sample. 
All data were expressed on the basis of plot means for the 
purposes of statistical analysis. Analyses of variance were made for 
each environment prior to making combined analyses of variance in which 
years and locations were equated to random environments. The sums of 
squares for entries (considered a fixed effect with 27 degrees of 
freedom) in the combined analyses were partitioned Into variation due 
to populations (24 d.f.), checks (2 d.f.); and populations vs checks (1 
d.f.). Variation within populations was further partitioned Into five 
groups (4 d.f. each): BSAA per se, BSBB per se, BSAA x BSBB, BSAA 
testcrosses, and BSBB testcrosses; and among groups (4 d.f.). A one-
degree-of-freedom contrast between the midparent of BSAA and BSBB and 
the cross, BSAA x BSBB, was made as a test of heterosis. The sums of 
squares for each group were partitioned into variation due to linear, 
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quadratic, and cubic regressions, and residual. F-tests were made 
using the appropriate mean squares based on their expected variance 
components. Experiment I was unbalanced because of the loss of one 
replication in 1984 (Ankeny); therefore, the analyses were done on the 
basis of unweighted entry means (Cochran and Cox, 1957) so that the 
replications within environments and experimental error sources of 
variation were calculated by pooling over environments. 
Linear, quadratic, and cubic regression coefficients (bj) were 
calculated from cycle or cycle x treatment means within each group by 
using polynomial coefficients (Steel and Torrle, 1980), and their 
standard errors were calculated as described by Draper and Smith 
(1966): 
c,, X MSB 
s.e. (bj) = [ ] 
n 
where Cj^ = the diagonal elements of the X'X"^ matrix corresponding to 
the ith variable, MSB = the appropriate error term, and n = the number 
of observations in each mean. Standard t-tests were performed to test 
the null hypothesis that bj = 0. 
Experiments II and III were grown in four Iowa locations (Ames, 
Ankeny, Martlnsburg, and Kanawha) in 1984 and 1985. The 1984 Kanawha 
environment was discarded before harvest, leaving seven environments in 
each experiment. Pollen silk dates were evaluated only in the two Ames 
environments. Experiment II consisted of five entries from the BSAA 
synthetic; the five entries of Experiment III were from the BSBB 
synthetic. The two experiments were structured and treated in an 
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identical manner so that the following description will apply equally 
to both. The CO, C4, CO x C4, CO selfed, and C4 selfed populations 
were grown in a randomized complete block design with three 
replications per environment. The three random-mated and two selfed 
populations were nested in separated bordered subplots within 
replications. The experiments were analyzed as a randomized complete 
block on the assumption that the elimination of competition between 
Inbred and nonlnbred populations would be greater than the variation 
between subplots within replications. The inbred populations were 
composites of an equal number of seeds from 100 self-pollinated ears 
harvested without selection from Sq plants. 
Single-row plots were hand-planted in Ames and Ankeny in 1984 and 
machine-planted in all other environments. The plot sizes and planting 
densities for both types of plots were identical to those in Experiment 
r. Identical experimental procedures were followed to collect data on 
the 11 plant, ear, and grain traits previously described. 
All data were expressed on the basis of plot means for the 
purposes of statistical analysis. Analyses of variance of the main 
effects were made for each environment prior to making the combined 
analyses of variance in which years and locations were equated to 
random environments. The sums of squares for entries (considered a 
fixed effect with 4 degrees of freedom) in the combined analysis were 
partitioned into variation due to: CO vs C4 (1 d.f.), (CO + C4)% vs CO 
X C4 (1 d.f.); CO selfed vs C4 selfed (1 d.f.) and nonlnbred vs Inbred 
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(1 d.f.). F-tests of their mean squares were made using experimental 
error or, when significant, the genotype x environment interaction. 
The model developed by Smith (1979a, b,; 1983) was used in the 
analysis of Experiments II and III. The Smith model assumes diploid 
inheritance, no epistasis, and either two alleles per locus (Smith 
1979b) or more than two alleles per locus (Smith, 1983). For a single 
population under selection, the genetic expectations of the CO, C4, CO 
X C4, CO selfed, and C4 selfed are a linear function of five genetic 
parameters, which may be defined as follows (for one locus) (Smith 
1979b): 
AO = p + (p - q)a = the mean of the base genotype plus the 
intercept of homozygous contribution; 
DO = pqd = one-half the intercept of the heterozygous 
contributions regressed on cycles of selection; 
AL = Apa = partial linear regression coefficient of homozygous 
contributions regressed on cycles of selection; 
DL = Ap(q - p)d = the partial linear regression coefficient of 
heterozygous contributions regressed on cycles of selection: 
DQ = Ap^d = the partial quadratic regression coefficient of 
heterozygous contributions regressed on cycles of selection. 
In the above notation, p = the mean of the base population, p = the 
frequency of the favorable allele, q = (1 - p), a = the genotypic value 
of the favorable homozygote, d = the genotypic value of the 
heterozygote, and Ap = the change in gene frequency of the favorable 
allele after one cycle of selection. Entry means over the seven 
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environments were used to estimate the five genetic parameters. Least 
squares techniques were employed to solve the following equations 
simultaneously to obtain unique solutions: 
CO = AO + 2D0 
C4 = AO + 2D0 + 2AL(N) + 2DL(N) + 2DQ(N2) 
CO X C4 = AO + 2D0 + AL(N) + DL(N) 
CO selfed = AO + DO 
C4 selfed = AO + DO + AL(N) + DL(N) + DQ(n2) 
where N = 4 = the number of cycles of selection. Standard errors were 
calculated and t-tests made for AO, DO, AL, DL, DQ, and 2(AL + DL) as 
In the manner previously described (Draper and Smith, 1966). 
The difference between the mean of the C4 and the CO populations 
equals the total change In the mean of the random-mating population, 
and Its genetic expectation Is 8AL + SDL + 32DQ. The portion due to 
changes In the gene frequency resulting from Indirect selection 
(weighted by additive and dominance effects) has a genetic expectation 
of SAL + 8DL (or 8Ap«, where a = the average effect of a gene 
substitution). The remainder, 32DQ, represents the change of mean due 
to both selection and genetic drift. However, Ap^ due to selection Is 
expected to be too small to detect over four cycles of selection 
(Smith, 1979b). Consequently, if the assumptions of the model are 
accepted, DQ estimates the change in gene frequency due to drift. 
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RESULTS AND DISCUSSION 
Experiment 1 
The combined analyses of variance (not shown) indicated highly 
significant differences among genotypes for all 11 plant, ear, and 
grain traits. The genotype x environment interaction was 
nonsignificant for the four plant traits, so that the pooled error term 
was used in the F-test of entry means and to calculate a standard error 
for the regression coefficients. The genotype x environment 
interaction was nonsignificant for three of the seven ear and grain 
traits (ear diameter, kernel depth, and row number). The genotype x 
treatment interaction was nonsignificant for all seven ear and grain 
traits. The genotype x treatment x environment Interaction was also 
nonsignificant for all seven traits; consequently the pooled error term 
was used in the F-test of cycle x treatment means and to calculate a 
standard error for the regression coefficients. 
Treatment differences (analyses of variances not shown) were 
significant for ear diameter and kernel depth and highly significant 
for 300 kernel weight and grain yield. Treatment differences for ears 
per plant, ear length, and row number were nonsignificant because of 
significant treatment x environment interactions that were more than 
50% relative to the treatment mean squares. 
A single-degree-of-freedom contrast (analyses of variance not 
shown) for midparent heterosis in the BSAA x BSBB crosses was highly 
significant for all plant, ear, and grain traits except for pollen date 
and 300 kernel weight, which were nonsignificant. Dominant gene action 
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was demonstrated for higher grain yield, longer and wider ears, more 
kernel rows, deeper kernels, less barrenness, earlier silk date, and 
greater plant and ear heights. 
Cycle means and regression coefficients for pollen and silk dates 
are shown In Table 1. Data collected on the Sj lines during the 
recurrent selection program (not shown) showed significant correlations 
between improved DSR resistance and later anthesis In BSAA and BSBB. 
Occasionally, Sj lines with good resistance to DSR or to ECB were not 
selected for recombination because of lateness. Negative linear 
regression coefficients (nonsignificant for BSBB per se) (Table 1) for 
pollen date Indicate that selection to prevent delayed anthesis was 
successful. Significant quadratic regression coefficients in four of 
the five entry groups resulted from a trend towards later anthesis in 
the early cycles, followed by a more rapid change toward earllness in 
the later cycles. Unpublished records show that the mean pollen date 
of the lines selected to form the C4 populations of BSAA and BSBB were 
1.8 and 2.2 days, respectively, earlier than the average of the C3 
lines from which they were selected, A similar quadratic trend was 
apparent for silk date in three of the five entry groups. In general, 
the changes in silk date were not of great magnitude relative to the 
changes in pollen date. The average pollen-silk interval increased 2.2 
days in BSAA(SRCB)C4 compared to the CO, while the change in pollen-
silk interval for BSBB was minimal. 
Cycle means and regression coefficients for plant and ear heights 
are shown in Table 1. Significant or highly significant linear 
Table 1. Mean values and regression coefficients for pollen date and 
silk date averaged over three environments and for plant 
height and ear height averaged over five environments 
Means^ 
Cycles of selection 
Entry group CO CI C2 C3 04 
Pollen date (davs after 6/30) 
BSAA 16.9 17.4 16.0 15.4 13.9 
BSBB 16.9 18.2 • 17.9 18.2 16.7 
BSAA X BSBB 15.2 18.2 17.3 16.9 14.6 
BSAA X (0s420 X 187-2) 14.8 15.7 15.0 13.8 13.9 
BSBB X (0x420 X 187-2) 16.3 16.3 17.2 16.8 14.8 
Silk date (days after 6/30) 
BSAA 20.1 20.2 20.6 19.4 19.3 
BSBB 18.0 20.6 20.7 20.4 18.2 
BSAA X BSBB 17.6 19.8 20.6 19.9 18.0 
BSAA X (0s420 X 187-2) 17.8 17.9 18.8 17.7 18.0 
BSBB X (0s420 X 187-2) 18.6 18.9 19.4 18.9 17.2 
Plant height (cm) 
BSAA 206 205 199 198 182 
BSBB 208 212 214 208 198 
BSAA X BSBB 203 212 212 212 198 
BSAA X (0s420 X 187-2) 212 207 208 204 203 
BSBB X (0s420 X 187-2) 217 215 218 223 204 
Ear Height (cm) 
BSAA 99 98 94 92 81 
BSBB 97 102 105 103 93 
BSAA X BSBB 96 106 103 102 92 
BSAA X (0s420 X 187-2) 104 101 98 94 92 
BSBB X (08420 X 187-2) 110 102 107 108 92 
Trait 
Pollen Silk Plant Ear 
Checks date date height height 
B75 X CI31A 19.2 20.0 222 114 
B14A X C103 18.3 20.2 220 95 
0s420 X 187-2 16.1 17.9 215 105 
^The LSD (P < 0.05) between any two pollen date, silk date, plant 
height, or ear height means are 0.6, 0.5, 4, and 3, respectively. 
^Orthogonal polynomials for regression coefficients are -2, -1, 0, 
1, 2 (linear), 2, -1, -2, -1, 2 (quadratic), and -1, 2, 0, -2, 1 
(cubic). 


























-0.80** -0.24* 0.10 
-0.04 -0.36** -0.02 
-0.26* -0.73** -0.20 
-0.37** -0.15 0.29* 
-0.26* -0.38** -0.24 
0.13 0.11 0.13 
-0.23* -0.14 0.08 
0.03 -0.71** 0.04 
0.10 -0.69** 0.02 
0.02 -0.11 0.07 
-0.27* -0.36** -0.13 
0.11 0.09 0.11 
-5.5** -1.8* -0.9 
-2.4** -2.8** -0.1 
-0.9 -3.2** -0.5 
-2.1** 0.3 -0.3 
-1.7* -2,3** -2.8** 
0.8 0.7 0.8 
-4.1** -1.2* -0.6 
-0.8 -2.5** -0.6 
-1.4** -2.8** 0.5 
-3.0** 0.1 0.2 
-2.9** -1.5* -2.9** 
0.7 0.6 0.7 
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reductions in plant and ear heights were observed in four of the five 
entry groups for both traits. Quadratic effects were also common, 
because of a tendency for plant and ear heights to increase during the 
first two cycles of selection and to decrease dramatically in the last 
cycle of selection. The reductions in plant and ear heights may, 
therefore, be the result of selection for earliness in the final cycle 
as opposed to genetic correlations of plant and ear height with DSR or 
ECB resistance. Russell et al. (1979) concluded that, if mean 
differences between the CO and the 04 populations per se did not 
persist in testcrosses of the CO and C4, then the difference was likely 
due to inbreeding depression. This conclusion assumes that the tester 
possesses dominant alleles at loci for which the populations per se 
have become fixed in a homozygous state. The data in Table 1 do not 
support inbreeding depression as a cause of the reduced plant and ear 
heights. In BSAA and BSBB, reductions in plant and ear height were 
observed in testcrosses of both synthetics. 
Cycle means and regression coefficients In each of the four 
treatments for grain yield are shown in Table 2. Highly significant 
linear reductions in grain yield were observed in all four treatments 
for BSAA per se, with most of the grain yield losses occurring in the 
last two cycles of selection for ECB and DSR resistance. Linear 
changes ranged from -0.28 to -0.39 Mg ha~^ cycle"*. No significant 
differences between the control treatment and Treatments 2, 3, or 4 
(within each cycle of a BSAA population per se, LSD = 0.84) were 
observed for grain yield. Consequently, the ability of improved pest 
Table 2. Mean values and regression coefficients for grain yield 
evaluated In four treatments, averaged over five 
environments 
Entry group Trtc CO CI 
Means^ 
Cycles of selection 
C2 C3 C4 
Mg ha'i 
6.34 
6 , 0 2  
5.78 
6 . 1 0  
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6.67 
6.77 
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B14A X C103 0s420 x 187-2 
9.04 





6 . 0 6  
5.61 
^The LSD (P < 0.05) is 0.84 between two treatment means within the 
same entry, and 0.81 between two entry means within the same treatment. 
^Orthogonal polynomials for regression coefficients are -2, -1, 0, 
1, 2 (linear) and 2, -1, -2, -1, 2 (quadratic). No cubic coefficients 
were significant. 
^Treatment (Trt) designations are 1 = control; 2 = DSR 
Inoculations; 3 = ECB infestation; 4 = ECB infestations + DSR 
Inoculations. 
*,**Significantly different from zero at the 0.05 and 0.01 

















































resistance to reduce grain yield losses under disease or Insect 
pressure cannot be determined based on these data. 
Grain yield changes in the BSBB populations per se were 
significant only for the control treatment, which had a linear decline 
of -0.36 Mg ha'l cycle"! (Table 2). Grain yield under disease and 
insect pressure (Treatments 2, 3, and 4) peaked in the C2 population, 
although the quadratic term was not significant. The control 
treatment, when averaged over all five BSBB cycle populations per se, 
was significantly higher yielding than either of the other three 
treatments; however, the level of pest resistance achieved in the 
improved cycle populations of BSBB was sufficient to eliminate grain 
yield losses caused by disease or insect pressure. A reduction in 
grain yield potential in the last two cycles of selection seemed to 
offset any economic gain made by ECB and DSR resistance. 
The reduction of grain yield potential was not statistically 
significant for the testcrosses of BSAA and BSBB (Table 2). In a few 
Instances, testcross yield increased over cycles, though not 
significantly. These results suggest that the grain yield reductions 
in the populations per se was due, in part, to inbreeding depression. 
Based on a comparison of linear regression coefficients of BSAA 
testcrosses (-0.13, Treatment 1) and BSBB testcrosses (0.16, Treatment 
1), inbreeding depression may be a more important factor contributing 
to grain yield reductions in the BSBB populations per se than in BSAA. 
Linear changes in grain yield over cycles for BSAA x BSBB crosses 
were nonslgnifIcantly negative under the control treatment (Table 2). 
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Under disease and Insect pressure (Treatments 2, 3, and 4) significant 
linear or quadratic responses were observed. High-parent heterosis for 
grain yield was observed in a majority of the crosses. 
Averaged over all genotypes, only Treatments 2 and 4 had 
significantly lower grain yield than the control (6.61, 6.52, and 7.11 
Mg ha'l, respectively). Grain yield reductions caused by the ECB 
Infestations were not significant. Treatment differences for grain 
yield were not observed for the ECB resistant check, B75 x CI31A (Table 
2). Grain yield in the control treatment was significantly higher than 
in Treatments 2, 3, and 4 for the remaining two checks, B14A x C103 and 
0s420 X 187-2. 
Of the six yield components measured in this study, changes in ear 
length, ear diameter, and row number were most Important in explaining 
grain yield reductions. Fewer ears per plant in BSBB and heavier 
kernels in BSAA played small roles in grain yield changes, but will not 
be discussed further. Kernel depth was not a factor in grain yield 
reductions. 
Regression coefficients over cycles of selection for ear length, 
ear diameter, and row number are shown in Table 3. Highly significant 
or significant linear changes in ear length and row number were 
observed in BSAA and BSBB populations per se, and for ear diameter in 
BSBB. The results indicate that selection for ECB and DSR resistance 
over four cycles of Sj recurrent selection produced shorter ears with 
more kernel rows in both synthetics; in BSBB ears were also wider. 
Significant or highly significant quadratic coefficients for ear length 
Table 3. Regression coefficients for ear length, ear diameter, and 
kernel row number evaluated In four treatments and averaged 
over five environments. 
Regression coefficients® 
Ear length (cm) 
Entry Group Trt® Avg be 
BSAA per se 1 14.5 -0.68** -0.30* 0.06 
2 14.1 -0.64** -0.28* 0.23 
3 14.9 -0,78** -0.04 0.01 
4 14.4 -0.79** -0.29* 0.32* 
BSBB per se 1 15.3 -0.75** -0.11 -0.26 
2 14.8 -0.32* -0.02 -0.15 
3 14.8 -0.50** -0.12 -0.14 
4 14.8 -0.48** -0.10 -0.24 
BSAA X BSBB 1 15.9 -0.41** 0.05 0.06 
2 15.3 -0.58** -0.23 -0.21 
3 15.6 -0.26 -0.25* -0.13 
4 15.4 -0.51** -0.13 -0.18 
BSAA testcross 1 16.7 -0.26 -0.13 0.21 
2 16.4 -0.31* 0.02 0.35* 
3 16.7 -0.26 0.02 0.20 
4 16.2 -0.20 -0.05 0.14 
BSBB testcross 1 16.8 0.14 -0.12 -0.07 
2 16.3 -0.14 -0.14 -0.02 
3 16.6 -0.17 0.00 -0.05 
4 16.1 -0.44** 0.06 -0.06 
s, e. 0.14 0.12 0.14 
LSD (P < 0.05) 0.06 
^Orthogonal polynomials for regression coefficients are -2, -1, 0, 
1, 2 (linear), 2, -1, -2, -1, 2 (quadratic), and -1, 2, 0, -2, 1 
(cubic). 
^Treatment (Trt) designations are 1 = control; 2 = DSR 
inoculations; 3 = ECB infestations; 4 = ECB infestations DSR 
Inoculations. 
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In BSAA and for ear diameter and row number In BSBB indicate the values 
for these traita had a tendency to peak In the C2. 
In all but one Instance, the reductions In ear length and the 
increases In ear diameter and row number were observed in all 
treatments (Table 3). When averaged over all genotypes, treatment 
differences were nonsignificant for ear length and row number; 
Treatments 2 and 4 had significantly smaller ear diameter than did the 
control treatment (comparisons not shown). 
The changes in ear length, ear diameter, and row number were 
generally reflected in the BSAA x BSBB population crosses, but to a 
lesser degree in the testcrosses. The tester, 08420 x 187-2, had 
longer ears with fewer kernel rows than did either BSAA or BSBB, and 
narrower ears than did BSBB. Thus, inbreeding depression over cycles 
of selection may only be a partial cause of ear length reductions in 
the populations per se; inbreeding depression for ear diameter and row 
number is not detectable from these populations because Indirect 
selection seemingly was for dominant alleles. 
Experiments II and III 
The Smith model used in the analyses of Experiments II and III 
provides further information from which to deduce the genetic causes of 
indirect response to selection. Tables 4 and 5 summarize entry mean 
data and the genetic parameters estimated from the Smith model for BSAA 
and BSBB, respectively. In Experiment II (Table 4), highly significant 
differences were observed between the mean values of the CO and C4 
(both populations per se and populations selfed of BSAA) for plant and 
Table 4. Means and least squares estimates of genetic parameters of 
eight agronomic traits of BSAA evaluated in seven 
environments 
Trait 
Pollen Silk Plant Ear 
date date height height 








19.8 23.7 207 
18.7 23.5 179® 
19.2 22.8 193 
24.0 26.0 183 
21.0 24.8 162% 
Parameter Regression coefficient 
AO 28.2 + 2.3 28 .3 1.6 160 .6 + 5.1 73.9 + 3.8 
DO -4.2 + 1.4 -2 .3 + 1.0 23 .1 3.3 13.5 + 2.4 
AL -0.6 0.4 -0 .3 + 0.3 -2 .0 + 0.9 -1.9 + 0.7 
DL 0.4 + 0.6 0, ,1 + 0.4 -1, ,5 + 1.4 -1.4 + 1.0 
2Ap« -0.3 0.5 -0, .42 + 0.25 -7, ,0 2.6 -6.5 1.4 
DQ 0.005 _+ 0.1 0, ,05 + 0.05 -0, ,0 0.2 0.20 + 0.13 
Predicted value % of CO mean 
8Ap« -6.7 -7. 0 -13. 5 -25.7 
32DQ 0.8 6. 8 0 6.4 
^Significantly different from the CO at the 0.01 probability 
level. 
^Significantly different from the CO selfed at the 0.01 
probability level. 
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Ear Ear Row Grain 
length diameter no. yield 
cm Mg ha'i 
16.0 4.44 16 .1 6.49 
12. 9^ 4.27® 16.1 4.76® 
14.7 4.32 16 .5 5.74 
12.61 4.01 15 .0 4.05 
9.4b 3.83° 15. ,4 2.63b 
9.2 + 0. 9 3.58 + 0.10 13, ,9 + 0.5 1.62 + 0. 61 
3.4 + 0. 6 0.43 + 0.06 1, ,1 + 0.3 2.43 + 0. 39 
-0.40 0. 16 -0.02 + 0.02 0, ,07 + 0.09 -0.14 0. 11 
0.06 0. 24 -0.01 + 0.03 0, 02 0.13 -0.05 + 0. 16 
-0.67 + 0. 08 -0.06 + 0.001 0, 18 + 0.03 -0.37 Ï 0. 04 










ear heights, ear length and diameter, and grain yield. Significant 
mldparent heterosis was not observed In the CO x C4 cross for any of 
the traits In BSAA. The CO and C4 populations per se of BSAA were 
grown In both Experiments I and II. The values for these two entries 
were similar for both experiments for plant and ear heights, ear 
length, and grain yield. A change toward earlier pollen and silk dates 
from the CO to the C4 found in Experiment I was not significant in 
Experiment II. No change in ear diameter and an increase In row number 
were found in Experiment I. In Experiment II, ear diameter was smaller 
and row number did not change in the C4. These discrepancies could be 
the result of sampling within a genetically heterogeneous population. 
In Experiment III (Table 5), significant differences between the 
CO and C4 populations per se of BSBB were observed for ear length and 
diameter, row number, and grain yield. A highly significant difference 
was observed between the CO x C4 cross and the mldparent of the CO and 
C4 for grain yield. Significant or highly significant differences were 
found between the CO and C4 populations selfed for plant height, ear 
diameter, and row number. The CO and C4 populations per se of BSBB 
were grown in both Experiments I and III. The values for these two 
entries were similar for both experiments for all traits except plant 
height. A reduction in plant height was found in Experiment I but not 
in Experiment III. 
The genetic parameters shown in Tables 4 and 5 have genetic 
interpretations in addition to the definitions given in the previous 
section. The AO term represents the mean of a set of random inbred 
Table 5. Means and least squares estimates of genetic parameters of 
eight agronomic traits of BSBB evaluated In seven 
environments 
Trait 
Pollen Silk Plant Ear 
date date height height 
days after 6/30 cm 
Entry Mean 
CO 19.3 21.8 204 100 
C4 20.5 23.2 202 96 
CO X C4 20.7 23.7 208 101 
CO selfed 22.5 24.5 189 92 
C4 selfed 21.7 24.8 183* 85 
Parameter Regression coefficient 
AO 23.7 + 1.2 27.2 +1.5 173.3 + 5.3 84.0 + 4. 4 
DO -3.2 + 0.7 -2.7 +1.0 15.3 + 3.4 7.8 + 2. 8 
AL -0.35 0.21 -0.1 + 0.3 -1.3 0.9 -1.3 + 0. 8 
DL 0.69 0.30 0.54 + 0.40 2.2 + 1.4 1.7 1. 2 
2Apa 0.67 + 0.14 0.92 + 0.23 1.9 + 2.8 0.8 + 2. 0 
DQ -0.05 + 0.04 -0.07 + 0.05 -0.3 + 0.2 -0.20 0. 15 
Predicted value % of CO mean 
8Apa 13.8 16,8 3.7 3.1 
32DQ -8.3 -10.3 -4.7 -6.6 
^Slgnlficantly different from the CO at the 0.05 probability 
level. 
^Significantly different from the mldparent of CO and 04 at the 
0.01 probability level. 
* *#signlfIcantly different from the CO selfed at the 0.05 and 
0.01 probability levels, respectively. 
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Ear Ear Row Grain 
length diameter no_. yield 
cm Mg ha~-^ 




















8.7 0. 8 3.87 + 0.09 15.4 + 0.4 2.37 + 0. 44 
3.6 + 0. 5 0.29 + 0.06 0.5 + 0.2 2.08 + 0. 28 
0,21 0. 14 0.05 + 0.02 0.15 + 0.07 0.13 + 0. 08 
-0.48 + 0. 21 -0.01 + 0.02 0.02 + 0.11 -0.01 + 0. 11 
-0.54 + 0. 06 0.08 + 0.0001 0.34 0.02 0.24 + 0. 02 
-0.02 0. 03 -0.005 + 0.003 -0.02 + 0.01 -0.05 + 0. 01 
13.5 7.1 8.4 14.8 
-3.8 -3.6 -4.5 -24.5 
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lines derived from the CO population. The AO term was statistically 
significant for all traits in Tables 4 and 5. The 00 term represents 
the decrease in the population mean after one generation of self-
fertilization, and was significant for all traits in Table 4 and all 
but row number in Table 5. The AL term represents one-half the change 
In the population mean after one cycle of selection caused by the 
contribution of alleles with additive effects. The AL term was 
significant for plant height, ear height, and ear length in BSAA, and 
ear diameter and row number in BSBB. The DL term represents one-half 
the change in the population mean after one cycle of selection caused 
by the contribution of alleles with dominance effects, and was 
significant only in BSBB for pollen date and ear length. 
The 2Ap« term represents the total change in the population mean 
after one cycle of selection and equals 2AL + 20L. This term was 
significant for all traits in Table 4 except pollen and silk dates, and 
all traits in Table 5 except plant and ear heights. The change in gene 
frequency due to drift should not bias the estimates of 2ApK because Ap 
due to random genetic drift should sum to zero over many loci in a 
quantitative trait. The DQ terra represents one-half the change due to 
genetic drift, and was significant only for grain yield in BSBB. 
A direct comparison of the relative contributions of selection and 
genetic drift is presented in Tables 4 and 5, for which 8Apa equals the 
change in the population due to selection and 32DQ estimates the change 
in the population mean due to genetic drift. These values are 
presented as a percentage of the mean of the CO population, so that 
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they represent a percentage Increase or decrease caused by indirect 
selection or genetic drift. For a majority of the traits lii both 
synthetics, the effects of Indirect selection were more Important than 
those of genetic drift. Selection and drift were found to be working 
in opposite directions for several traits in both synthetics; the 
effects of drift were not always unfavorable. Genetic drift may also 
cause different changes in different genetic backgrounds. For example, 
drift was found to cause later silk date in BSAA and earlier silk date 
in BSBB. 
The results of the Smith model analysis are In agreement with the 
conclusions previously drawn about the relative contributions of 
selection and inbreeding depression based on the relative response of 
the populations per se and populations In testcross from Experiment I. 
It seems that the cause of any inbreeding depression in BSAA and BSBB 
was random genetic drift; assortatlve mating should have been avoided 
in the recombination process by making early x late single crosses 
prior to random-mating. It was suggested that Inbreeding depression 
was a small factor in decreases in plant and ear height, especially for 
BSAA for which the reductions were greatest. This conclusion Is 
confirmed by the large SApa terms (relative to the 32DQ terras) for 
plant height and ear height in Table 4. The same comparison cannot be 
made for BSBB because significant plant height reductions were not 
observed (Table 5). Similarly, It was concluded that inbreeding 
depression for grain yield played a larger role in BSBB populations 
than in BSAA. This is evident in Tables 4 and 5. Indirect selection 
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in BSAA was responsible for a 23.0% reduction In grain yield, while the 
contribution of genetic drift was 3.4%. In BSBB, Indirect selection 
caused a 14.8% grain yield Increase, which was canceled out by a 24.5% 
grain yield decrease due to genetic drift. For ear length reductions 
(the primary contributor to grain yield reductions In both synthetics), 
the effect of Indirect selection was more than three and one-half times 
as great as that of genetic drift. 
The purpose of breeding for improved genetic resistance to DSR and 
to ECB is to Improve the quality and yield of the maize crop under 
disease and Insect pressure. In the absence of the pest, the agronomic 
performance of the improved population ought to be no worse than the 
susceptible variety. In this study, Improvement in resistance to ECB 
and to DSR was found to be associated with considerable reductions In 
grain yield. The resistance in the improved cycle populations of BSBB 
was effective in eliminating grain yield losses caused by D. mavdls 
inoculations and ECB infestations. In both synthetics, the reductions 
in grain yield associated with selection (which averaged 20% In the 
absence of disease and Insect pressure) were greater than the effect of 
disease or insect treatments. The actual economic benefit of genetic 
resistance may be underestimated in our hand-harvested plots. Large 
reductions in stalk lodging Incidence over cycles in both synthetics 
(Nyhus, 1987a) reflect the progress made for stalk quality. Hand-
harvested yields represent the genetic potential and do not take into 
account harvest losses. Identifying the genetic cause of reductions in 
yield potential is important in designing future breeding strategies. 
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Our results indicate that gene frequency changes in the agronomic 
traits evaluated are caused to a greater degree by Indirect selection 
than by genetic drift. 
Highly significant positive correlations of pollen date with plant 
height, plant height with grain yield, and ear length with plant height 
and grain yield were observed (Table 6). Reductions in plant height, 
grain yield, and ear length were more highly correlated with DSR 
resistance than with ECB resistance. Sj recurrent selection for 
resistance to ECB and to DSR was accompanied by selection to prevent 
later maturity in the improved cycle populations. Changes toward 
earlier pollen date were closely associated with and may be the causal 
factor in reductions in plant height. Novoa (1987) has reported that 
harvest index has remained constant over cycles for both BSAA and BSBB. 
Reductions in grain yield without changes in harvest index must 
necessarily mean that vegetative yield was reduced; the reductions in 
plant height found in this study would suggest that this has occurred. 
Populations with less vigorous vegetative growth are likely to have a 
smaller grain sink as well. Harvest index data reported by Novoa 
(1987) suggest that repartitioning of the photosynthate from the ear to 
the stover is not a major factor in correlated grain yield reductions. 
Inbreeding depression caused by genetic drift would seem to have been 
an Important factor only for grain yield reductions in BSBB; more than 
20 lines recombined per cycle may be necessary to minimize sampling 
variation. The positive linear regression coefficient observed for 
BSBB testcross yield (Table 2) and the positive 2Apa term for yield 
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Table 6. Simple correlation coefficients among several traits in BSAA 
and BSBB populations per se, population crosses, and 
testcrosses (N = 25) 
Plant Grain Ear 
Trait height yield length 
ECB ratings® 0.46* 0.38 0.64** 
DSR ratings^ 0.71** 0.64** 0.83** 
Pollen date^ 0.54** 0.36 0.04 
Plant height® 0.79** 0.71** 
Grain yleld^ 0.83** 
®ECB (leaf-feeding) ratings (on a 1-9 scale; 1 = resistant; 9 = 
susceptible) obtained following artificial infestations in five 
environments (from Nyhus, 1987a). 
^DSR ratings (on a 1-6 scale: 1 = resistant; 6 = susceptible) 
obtained following artificial inoculations of D. mavdis in two 
environments (from Nyhus, 1987a). 
^Evaluated in the absence of artificial disease or insect pressure 
in three environments (pollen date) or five environments (plant height 
and grain yield). 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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from the Smith model (Table 5) indicate that inbreeding depression in 
the advanced cycles of BSBB should not affect the yield performance in 
hybrid combination of inbred lines derived from them. The results of a 
diallel analysis reported by Hallauer and Sears (1968) Indicate that 
lines derived from BSAA and BSBB would perform better in combination 
with each other than they would, on the average, with other Corn-Belt 
germplasm. Future recurrent selection programs must include grain 
yield as well as maturity in an index with ECB and DSR resistance 
scores in order to combine genetic resistance with good agronomic 
performance and to reduce yield losses. 
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SECTION IV. REACTION OF TWO MAIZE SYNTHETICS TO ANTHRACNOSE STALK ROT 
AND NORTHERN CORN LEAF BLIGHT FOLLOWING RECURRENT 
SELECTION FOR RESISTANCE TO DIPLODIA STALK ROT AND 
EUROPEAN CORN BORER 
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ABSTRACT 
Two maize (Zea ways L.) synthetics, BSAA and BSBB, were 
recurrently selected for resistance to Olplodla fPiplodla mavdls 
(Berk.) Sacc.) stalk rot (DSR) and leaf feeding caused by the first-
generation European corn borer (Ostrinla nubllalls Hiibner) (ECB). 
Recurrent selection was based on the reaction of S^ lines to artificial 
Inoculations of D. mavdls and artificial Infestations of the ECB. This 
study was conducted to determine if plant factors contributing to DSR 
and ECB resistance also conferred resistance to anthracnose stalk rot 
(ASR) caused by Colletotrlchum graminlcola (Cesati) Wilson and northern 
corn leaf blight (NLB) caused by Exserohllum turclcum (Pass.) Leonard & 
Suggs. 
The number of Internodes 7S% or more discolored following 
artificial Inoculations of Ç. graminlcola was used as a measure of ASR 
resistance. Highly significant linear improvements in ASR resistance 
were observed over cycles (CO to C4) of selection In both synthetics. 
These improvements mirrored the gains previously reported for DSR 
resistance In BSAA and BSBB (Nyhus, 1987) and suggested that a genetic 
correlation exists between DSR resistance and ASR resistance in these 
populations. 
NLB severity ratings (percentage-leaf-area-lnfected scale) were 
recorded on six dates throughout the growing season. A natural 
logarithm transformation was used to describe the disease progress 
curve for each of the CO to C4 populations of each synthetic. Linear 
regression of finNLB ratings on finDATE (days after inoculation) 
158 
accounted for more than 97% of the variation among entries on the 
average. In a comparison of slope and Intercept values of the disease 
progress curves, an association of greater susceptibility to NLB with 
greater resistance to leaf feeding by the BCB was observed. These 
results contradict previous reports that 2,4-dlhydroxy-7-methoxy-l,4-
benzoxazln-3-one (DIMBOA), a known biochemical factor In leaf-feeding 
resistance, confers resistance to NLB. 
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INTRODUCTION 
Recurrent selection has proved to be a useful means for maize 
breeders to improve disease and insect resistance in maize populations. 
Recurrent selection procedures serve to concentrate favorable genes for 
the trait or traits under selection. Populations improved by recurrent 
selection should have enhanced value as sources of Inbred lines for 
hybrid maize breeding programs. 
Recurrent selection has been conducted in two maize synthetics, 
BSAA and BSBB, for resistance to Diplodia (Dlplodia mavdis (Berk.) 
Sacc.) stalk rot (DSR) and first-generation European corn borer 
(Ostrinia nubilalis Hiibner) (ECB) leaf feeding. Selection was based on 
the evaluation of Sj lines. The most advanced cycle population (C4) of 
BSAA was significantly Improved for DSR resistance, but not for ECB 
resistance; the C4 population of BSBB was significantly improved for 
both ECB and DSR resistance (Nyhus, 1987). 
Genetic resistances to DSR and ECB are quantitative, that is, they 
are conditioned by many genes each with a relatively minor effect. A 
genetic correlation between two pest-resistance traits exists if some 
genes influence both traits (plelotropy) or if genes for each trait are 
inherited together on the same linkage group. Genetic correlations 
resulting from the former may be advantageous to the plant breeder and 
enhance the usefulness of the germplasm. 
Anthracnose stalk rot (ASR), caused by the organism Colletotrlchum 
gramlnlcola (Cesati) Wilson, is a maize disease of growing importance. 
A severe infection of ASR is characterized by black streaks on the 
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outer surface of the stalk (acervull) and discoloration of the pith 
that often extends through several Internodes, starting from the crown 
(Ullstrup, 1977). Ç. gratnlnlcola Is an aggressive pathogen, which, 
unlike most stalk-rotting organisms, Is able to colonize living tissue 
(Dodd, 1977). Resistance to ASR is also quantitative in nature; Carson 
and Hooker (1982) identified at least five dominant genes for 
resistance using reciprocal translocation testcross analysis in the 
inbred line A556. Previous research has led to the conclusion that 
resistance to ASR would not be obtained via selection for resistance to 
DSR or stalk rot caused by Glbberella. White (1977) evaluated 99 
Inbred lines for DSR and ASR reaction. The correlation between the two 
stalk rots was 0.32 for the early lines and 0.26 for the late lines. 
In another study among 23 Inbreds and 25 single-crosses, correlations 
between DSR or Glbberella stalk rot and ASR ranged from 0.36 to 0.63 
(Hooker, 1976). Although the correlations were highly significant, 
they were deemed low enough to warrant separate breeding programs. 
Northern corn leaf blight (NLB), caused by the organism 
Exserohilum turcicum (Pass.) Leonard & Suggs, remains an important 
maize pest. Monogenic resistance, associated with the production of 
phytoalexins (Lim et al., 1970), as well as multigenic resistance have 
been utilized in the control of NLB. In addition to phytoalexins, 2,4-
dihydroxy-7-methoxy-l,4-benzoxazln-3-one (DIMBOA) has been implicated 
as a chemical factor Involved In NLB resistance (Long et al., 1975; 
Long et al., 1978; Molot, 1969). The relationship between DIMBOA and 
i;CB leaf-feeding resistance is well established. DIMBOA concentrations 
161 
In maize whorl tissues were highly correlated to field resistance 
ratings (Klun et al., 1970; Tseng et al., 1984); DIMBOA has also been 
shown to cause ECB larval mortality in artificial diets (Klun et al., 
1967; Robinson et al., 1982). Molot and Anglade (1968) compared the 
first-generation ECB damage ratings, the NLB severity ratings, and the 
loglO concentration 6-methoxy-benzoxalinonë (MBOA) (the stable 
breakdown product of DIMBOA) of 12 maize inbreds. The correlation 
coefficients for ECB and NLB ratings with MBOA levels were -0.77 and 
-0.95, respectively, and 0.76 between ECB and NLB resistance. Other 
reports of significant correlations between NLB severity and DIMBOA 
concentration are -0.61 among 13 inbreds (Long et al., 1975) and -0.64 
among 16 Inbreds (Long et al., 1978). 
The association between NLB resistance and ECB resistance has been 
demonstrated only in small, fixed sets of genotypes. A much more 
extensive study of the relationship among 7537 genotypes over a period 
of 12 years has shown the correlation between NLB resistance and ECB 
resistance to be 0.003 (Guthrie et al., 1985). Their study found that 
only 1.5% of the genotypes tested were highly resistant to both NLB and 
leaf feeding by the ECB. Klenke et al. (1987) describes the effect of 
four cycles of Sj line recurrent selection for first- and second-
generation ECB resistance on NLB reaction. A significant Improvement 
in first-generation ECB resistance was not associated with gains in NLB 
resistance; the trend was toward decreasing resistance to NLB over 
cycles. 
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The purpose of this study was to investigate the effect of four 
cycles of Sj recurrent selection for ECB and DSR resistance on the 
resistance to two other maize diseases: anthracnose stalk rot and 
northern corn leaf blight. 
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MATERIALS AND METHODS 
BSAA and BSBB are genetically diverse maize synthetics of early 
AES800 maturity. The 58 and 44 Inbred lines that were recomblned to 
form the original BSAA and BSBB populations, respectively, were 
selected to represent a sampling of the best material available from 
public Corn-Belt breeding programs (Russell et al., 1971). 
The four cycles of recurrent selection in BSAA and BSBB were based 
on the evaluation of Sj lines for resistance to first-generation ECB 
(leaf feeding) and to DSR (pith spread). Evaluations for each trait 
were made in separate experiments in the same year, with Identical 
procedures being followed for each synthetic. Twenty selected Sj lines 
were recomblned in each cycle of selection (with the exception of cycle 
2 when 16 and 18 lines were recomblned for BSAA and BSBB, 
respectively). The selection intensity ranged from 10 to 15%. A 
description of the development of BSAA(SRCB)C4 and BSBB(SRCB)C4 has 
been published (Russell and Guthrie, 1983). 
Reaction to anthracnose stalk rot was evaluated in 1984 and 1985 
at the Agronomy and Agricultural Engineering Research Center near Ames. 
The experimental design was a randomized complete block with five 
replications per environment. Single-row plots were planted by hand in 
1984 and by machine in 1985. The hand-planted plots measured 0.76 x 
4.39 m. Seeds were planted two per hill in 13 hills spaced 33.8 cm, 
and later thinned to one plant per hill for a final density of 51 666 
plants ha"l. The machine-planted plots measured 0.76 x 4.90 m, were 
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overplanted, and later thinned to the same plant density and within-row 
spacing as the hand-planted plots. 
The following 28 entries were included in the anthracnose 
evaluation experiment: the original and improved cycle populations of 
BSAA and BSBB per se (BSAACO, BSAA(SRCfi)Cl. BSAA(SRCB)C2, BSAA(SRCB)C3, 
BSAA(SRCB)G4, BSBBCO, BSBB(SRCB)C1, BSBB(SRCB)C2, BSBB(SRCB)C3, and 
BSBB(SRCB)C4), cycle crosses between the synthetics (BSAACn x BSBBCn), 
and the original and improved cycle populations of BSAA and BSBB 
crossed to the single-cross tester 08420 x 187-2. Three single-cross 
checks were included: B14A x C103 (DSR resistant), B14A x Oh41 
(Intermediate resistance to DSR), and 0s420 x 187-2 (highly susceptible 
to DSR). 
Approximately two weeks after anthesis, eight plants in each plot 
were Inoculated with a suspension of Ç. graminicola. One ml (1.5 x 10* 
spores ml'l) was injected into the first fully elongated internode 
above the ground using a 50 ml hog vaccinator. Colletotrlchum 
suspensions were obtained from Dr. D. C. Foley, Iowa State Univ., Ames, 
Iowa. Approximately six weeks after inoculation, five competitive 
plants per plot were split longitudinally and given two ratings: 1) 
the number of internodes with 75% or more discoloration, and 2) the 
total number of internodes with discoloration (Lim and White, 1978). 
All data were expressed on the basis of plot means for the 
purposes of statistical analysis. Analyses of variance were made for 
each environment prior to making combined analyses of variance in which 
years were considered random effects. The sums of squares for entries 
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(considered a fixed effect with 27 degrees of freedom) in the combined 
analysis were partitioned into variation due to populations (24 d.f.)> 
checks (2 d.f.) and populations vs checks (1 d.f.). Variation within 
populations was further partitioned into five groups (4 d.f. each): 
BSAA per se, BSBB per se, BSAA x BSBB, BSAA testcrosses, and BSBB 
testcrosses; and among groups (4 d.f.). A one-degree-of-freedom 
contrast between the midparent of the BSAA and BSBB and the crosses, 
BSAA X BSBB, was made as a test of heterosis. The sums of squares for 
each group were partitioned into variation due to linear, quadratic, 
and cubic regressions, and residual. P-tests were made using the 
appropriate mean squares based on their expected variance components. 
Linear, quadratic, and cubic regression coefficients were calculated 
from cycle means within each group by using polynomial coefficients 
(Steel and Torrie, 1980), and their standard errors were calculated as 
described by Draper and Smith (1966). T-tests were performed to test 
the hypothesis that the regression coefficient is equal to zero. 
Reaction to northern corn leaf blight was evaluated in 1984 and 
1985 at the Atomic Energy Research Farm near Ames. The 1985 experiment 
was abandoned because of lack of sufficient moisture for adequate 
blight development. The experimental design was a randomized complete 
block with 10 replications. The 10 entries, which consisted of the CO 
through C4 populations of BSAA and BSBB, were hand-planted Into single-
row plots measuring 0.76 x 2.29 m. Six seeds were planted into each of 
five hills spaced 76.2 cm and later thinned to three plants per hill. 
The center three hills were planted to one of the 10 entries; the two 
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end hills were planted to a highly susceptible hybrid and served as 
spreader hills. 
Plants In each plot were Inoculated twice, on June 25 and June 30, 
while the plants were approximately 60 cm high. The inoculum consisted 
of a spore suspension of E. turclcum (average concentration of 2 x 10® 
spores ml~^): an approximate volume of 10 mi plant"! ^ as applied each 
date. Six ratings were taken at nine- or 10-day Intervals beginning 16 
days after the first inoculation and ending when natural senescence 
began to Interfere with the ratings. NLB reaction was recorded as the 
percentage of infected leaf area in each of the three center hills. 
Plot means were transformed to the natural logarithm of NLB ratings 
(BnNLB) and the natural logarithm of days after the first inoculation 
(BnDATE). The disease progress curve for each entry within each 
replication was described by the intercept and slope of the regression 
of BnNLB on £nDATE. An analysis of variance (49 d.f.) for intercept 
and slope values was performed separately for BSAA and BSBB entries, 
and the standard errors of the difference between two entry means were 
calculated. 
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RESULTS AND DISCUSSION 
Response to Anthracnose Stalk Rot 
The overall means for ASR ratings were 3.6 and 4.1, respectively, 
for the number of Internodes 75% or more discolored and the total 
number of discolored Internodes. The correlation between values of the 
two ratings methods was 0.99; therefore, only the number of Internodes 
75% or more discolored will be dealt with in the following discussion. 
In contrast, Llm and White (1978) reported a correlation of 0.52 
between the same two measures of ASR resistance for a dlallel set of 45 
single crosses. 
Highly significant differences among genotypes (27 d.f.) were 
observed in the combined analysis of variance (not shown) for ASR 
ratings. The largest portion of the variation observed among the 
random-mated populations and their crosses was due to linear responses 
in the BSAA and BSBB cycles per se, which were significant at the 0.01 
probability level. Linear sources of variation were not significant 
for the population crosses and testcrosses. Highly significant 
differences among groups (4 d.f.) and among checks (2 d.f.) were also 
observed. 
Entry means and regression coefficients for ASR ratings are shown 
in Table 1. Because the nonlinear sources of variation In the combined 
analysis were nonsignificant in all Instances, only the intercepts 
(averages) and linear regression coefficients are Included in Table 1. 
The genotype x environment interaction (27 d.f.) (combined analyslK of 
variation not shown) was highly significant, and was therefore used as 
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Table 1, Means and regression coefficients for anthracnose stalk rot 
ratings averaged over two environments 
Regression 
Cycle means^ coefficients 
Entry Group CO CI 02 C3 C4 Avg bj 
— 
— no. Of internodes 75% discolored — — — — — —  
BSAA 3.9 3.7 2.6 2.6 1.9 2.94 -0.51** 
BSBB 4.2 3.9 3.1 2.6 2.5 3.27 -0.46** 
BSAA X BSBB 4.0 3.6 3.8 2.6 3.2 3.44 -0.27 
BSAA X 0s420 x 187-2 4.3 4.5 3.7 3.6 4.2 4.07 -0.10 
BSBB X 0s420 X 187-2 4.3 3.9 3.8 3.8 3.8 3.94 -0.12 
Checks s.e. 0.14 
B14A X C103 1.7 LSD 5% 0.07 
B14A X 0h41 5.1 
0s420 X 187-2 4.5 
®The 0.05 LSD for any two anthracnose stalk rot ratings is 0.2. 
^Orthogonal polynomials are -2, -1, 0, 1, 2, 
••Significant at the 0.01 probability level. 
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the error term in the F-test of entry means and to calculate a standard 
error for the regression coefficients. The only significant components 
of the genotype x environment interaction were the BSBB linear x 
environment, BSBB quadratic x environment, and the BSAA x BSBB linear x 
environment. The linear regression coefficients for the BSBB cycles 
and the population cross cycles were both low in 1984 (-0.25 and -0.07, 
respectively) and high in 1985 (-0.67 and -0.48, respectively), 
accounting for the linear x environment interactions. The BSBB cycles 
had a curvilinear trend in 1985 accounting for the BSBB quadratic x 
environment Interaction. 
Highly significant linear decreases in ASR susceptibility of 0.51 
and 0.46 internodes cycle"* were observed in BSAA and BSBB populations 
per se (Table 1). Similar linear reductions In DSR susceptibility of 
0.38 and 0.36 units cycle"* (1 = resistant; 6 = susceptible) for BSAA 
and BSBB, respectively, were reported by Nyhus (1987). Therefore, 
selection for OSR resistance was also effective for ASR resistance in 
the populations per se, and may be indicative of a genetic correlation 
between the two traits. Nonsignificant linear reductions were observed 
for the population crosses and testcrosses. The tester, 0s420 x 187-2, 
had a rating of 4.5, slightly more susceptible than the CO populations 
of BSAA and BSBB. Previous reports Indicate that the gene action of 
ASR resistance is primarily additive, with resistance being partially 
dominant to susceptibility (Carson and Hooker, 1981; Lim and White, 
1978). Our data are not consistent with respect to the direction of 
dominance. Two of the four population crosses (the 02 and C4 crosses) 
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were more susceptible than the high-parent values; all five of the BSAA 
testcrosses and three of the five BSBB testcrosses were more 
susceptible than their midparent values. Because of the inconsistency 
in the population crosses, the contrast for heterosis between BSAA and 
BSBB in the combined analysis of variance (not shown) was 
nonsignificant. Based on additive gene action alone, the linear 
regression coefficient of the population crosses would have an expected 
value similar to those of the populations per se; the linear regression 
coefficients of the testcrosses have expected values approximately one-
half that of the populations per se because the frequency of favorable 
alleles in the tester is constant. The actual magnitudes of the linear 
regression coefficients are lower than expected, which cannot be 
explained simply based on partial dominance for resistance. 
Conclusions about the gene action of ASR resistance should favor the 
results of experiments designed specifically for that purpose, however, 
our results suggest that inbred lines derived from BSAA and BSBB may 
not contribute a high level of ASR resistance in a single-cross hybrid. 
Despite the variable reactions to ASR among the different genetic 
backgrounds used in this study, the simple correlation coefficient 
(checks not included) between mean ASR ratings and mean DSR ratings 
(reported by Nyhus, 1987) was 0.86 (P < 0.01), indicating a close 
relationship between the mechanisms of resistance to the two diseases 
in BSAA and BSBB. These results, however, cannot be considered 
representative of all maize populations, or perhaps even a large sample 
of lines within BSAA or BSBB. The correlation between ASR and DSR 
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could be lower among an unselected set of selfed lines derived from 
these synthetics, and would be similar to the correlations reported by 
White (1977) and Hooker (1976). It is possible that direct selection 
for stalk-rotting organisms other than D. mavdls. and not a genetic 
correlation alone, accounted for the concomitant increases in 
resistance to OSR and ASR. During the selection program, a six-class 
rating scale was used, for which classes 1-5 described the spread of 
pith discoloration from the point of the inoculation with D. mavdls. 
The sixth class was given to any prematurely dead plant, regardless of 
the cause. It is conceivable that Sq plants or lines (evaluations 
were made in both generations) resistant to DSR could have been 
discarded because of a high degree of susceptibility to any one of the 
stalk-rotting organisms which may be a part of the stalk-rot complex. 
It is probable that some combination of a genetic correlation (between 
DSR resistance and ASR resistance) and unintentional selection (for 
resistance to ASR) accounted for the Improvement in ASR resistance 
observed in BSAA and BSBB. 
Response to Northern Corn Leaf Blight 
The analyses of variance (not shown) indicated significant 
differences (P < 0.05) among entry means for intercept and slope values 
in BSBB, but not in BSAA. The descriptive parameters of the disease 
progress curve in the BSAA and BSBB populations per se following 
Inoculation with E. turcicum are shown together with their ECB leaf-
feeding ratings in Table 2. Within a single rating date, NLB severity 
ratings showed no trend with respect to cycles (data not shown). The 
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Table 2. A comparison of the northern corn leaf blight (NLB) disease 
progress curves with European corn borer (ECB) leaf-feeding 
resistance ratings in the original and Improved cycle 
populations of BSAA and BSBB 
NLB Disease 
Progress Curve® ECB leaf-feeding 
Population Intercept Slope ratings (1-9)^ 
BSAACO -3.35 1.67 2.92 
BSAA(SRCB)C1 -3.32 1.66 3.01 
BSAA(SRCB)C2 -3.04 1.60 2.57 
BSAA(SRCB)C3 -2.95 1.56 2.58 
BSAA(SRCB)C4 -2.93 1.57 2.63 
LSD 5% 0.43 0.11 0.60 
BSBBCO -3.65 1.75 5.75 
BSBB(SRCB)C1 -3.00 1.56 3.03 
BSBB(SRCB)C2 -3.12 1.63 3.13 
BSBB(SRCB)C3 -3.04 1.58 2.67 
BSBB(SRCB)C4 -2.88 1.57 2.88 
LSD 5% 0.48 0.13 0.60 
®The natural logarithm of NLB severity (% leaf area Infected) 
regressed on the natural logarithm of days after inoculation evaluated 
In one environment (1984). 
^Evaluated In five environments: two locations in 1984 and 1985, 
and one location in 1986 (Nyhus, 1987). 
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natural logarithm transformation used to describe the disease progress 
curve was very effective. The linear model accounted for more than 98% 
of the variation among NLB severity ratings in nearly all instances (r^ 
> 0.97 on the average). Table 2 reveals trends toward lower slopes and 
a negative Intercept of lesser magnitude over cycles of selection. 
Greater resistance to NLB would be Indicated by both a lower slope and 
a negative Intercept of greater magnitude. Figure 1 illustrates how, 
over the course of the growing season when NLB would have its greatest 
Impact, the C4 population of BSBB is less resistant to NLB than is the 
CO population. If the same biochemical factors were contributing to 
resistance to both ECB leaf feeding and NLB, greater resistance should 
be associated with the C4 population, not the CO. Some connection, 
albeit opposite of what has been postulated, may exist between NLB and 
ECB reaction in BSAA and BSBB. It is Interesting to note that the 
significant change toward NLB susceptibility in BSBB occurred in the 
first cycle of selection; the greatest progress for ECB resistance in 
BSBB also occurred in the first cycle. In a similar manner, the 
largest changes (though nonsignificant) for NLB and ECB reaction In 
BSAA both occurred in the second cycle. It is difficult to gauge how 
meaningful the NLB-ECB association is because of the relatively minor 
differences among entries for NLB severity (less than five percent 
infected leaf tissue on any given rating date). In any case, Improved 
resistance to ECB leaf feeding was not associated with improved 
resistance to NLB. A firm conclusion based on the concentration of 
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Figure 1. Regression of northern corn ioal" blight (Nl.B) severity 
(percentage of leaf area infected) on days after inoculati 
with a spore suspension of E. tiircioum (natural logarithm 
scale on both axes) for the CO and C4 populations of BSBB 
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analyses of these populations were not conducted; it may be expected, 
however, that DIMBOA concentration Increased In proportion to the 
progress for leaf-feeding resistance as was observed In the synthetics 
BSl (Tseng et al., 1984) and BS9 (Grombacher, 1987). 
Our results support those of Guthrie et al. (1985) who concluded 
that researchers cannot select for resistance to ECB and expect to have 
resistance to NLB, or vice-versa. It is unlikely that DIMBOA 
concentrations, Increased by selection for leaf-feeding resistance, 
will effect nonspecific resistance to a variety of leaf diseases. In 
contrast, host-pathogen relationships within the stalk-rot complex are 
likely to have much in common; mechanisms for resistance to stalk-
rotting pathogens may be nonspecific enough to account for the 
correlated improvement in ASR resistance observed in our study. 
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GENERAL SUMMARY AND DISCUSSION 
The direct and Indirect effects of four cycles of recurrent 
selection, based on Sj line evaluation, for resistance to first-
generation European corn borer (Ostrlnla nubllalls) (ECB) and to stalk 
rot caused by Dlplodla mavdls (DSR) were evaluated In two maize 
synthetics, BSAA and BSBB. Recurrent selection was based on leaf-
feeding ratings following artificial Infestations of the ECB made In 
mid-June and on stalk-rot ratings following artificial inoculations of 
D. mavdls made post-antheals. Grain yield was not a selection 
criterion; however, some selection was imposed to prevent delayed 
maturity. 
The first objective of this study was to assess the progress made 
for resistance to the two primary selection criteria, resistance to ECB 
and to DSR. The original and Improved cycles populations (CO to C4) 
were evaluated as populations per se, as populations crossed to a 
tester, and as crosses between synthetics. Significant progress in the 
populations per se was observed for resistance to DSR in BSAA and for 
resistance to DSR and to ECB in BSBB. On a nine-class scale (1 = 
highly resistant, 9 = highly susceptible) ECB ratings were reduced from 
2.9 to 2.6 in BSAA and from 5.8 to 2.9 in BSBB (CO to C4). DSR ratings 
were reduced on a six-class scale (1 = resistant, 6 = susceptible) from 
3.6 to 2.1 in BSAA and from 4.1 to 2.7 in BSBB (CO to C4). More than 
80% of the realized gain for ECB resistance in BSBB came in the first 
cycle of selection, resulting in highly significant nonlinear 
components of the regression line over cycles. The response of BSAA 
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and BSBB to selection for ECB resistance Indicated that leaf-feeding 
resistance Is under the control of genes at relatively few loci, and 
that three cycles of Sj recurrent selection should generally be 
sufficient to produce breeding populations with a high degree of 
resistance. In contrast, the progress for DSR resistance was linear 
through all four cycles of selection in both synthetics, suggesting 
that more loci may be segregating and that a greater number of cycles 
of recurrent selection may be required to produce a level of resistance 
similar to that attained after two or three cycles for ECB resistance. 
The results of the population crosses and testcrosses indicated that 
the gene action for resistance to leaf feeding and to DSR is primarily 
additive. recurrent selection, which capitalizes on additive 
genetic variation, was an appropriate strategy to follow. Furthermore, 
the rates of gain when selection was for the two traits concurrently 
were as high as when selection for ECB or DSR resistance has been on a 
single trait basis (Devey and Russell, 1983; Martin and Russell, 1984a; 
Tseng et al., 1984). 
The direct response to selection was further characterized by the 
evaluation of 100 unselected Sj lines from the CO and C4 populations of 
each synthetic. The C4 lines of BSAA and BSBB had mean ECB ratings and 
DSR ratings that were significantly improved (P < 0.01) over the CO 
lines. Sj recurrent selection was effective in increasing the 
frequency of lines resistant both to the ECB and to DSR in the C4 
populations relative to the COs and, therefore, making the C4s more 
desirable populations from which to derive resistant inbred lines. The 
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distributions for ECB ratings revealed a loss of genetic variability 
for that trait following four cycles of Sj recurrent selection. 
Further progress for resistance to leaf feeding by the ECB Is not 
expected in BSAA or BSBB. 
The second objective of this study was to measure the changes 
associated with selection for other disease and agronomic traits. 
Significantly improved stalk rind strength (as measured with a rind 
penetrometer) was observed In the BSBB populations per se and in both 
synthetics when averaged over 100 Sj lines from the CO and C4 
populations. However, low genetic correlations (from the Sj line 
study) between DSR ratings and rind puncture ratings indicate that 
selection for both traits would be profitable and would make better use 
of the genetic variability for stalk quality. 
Selection for resistance to stalk rot following artificial 
inoculations of D. mavdis was associated with improved resistance to 
stalk lodging and to natural stalk rot development. Stalk lodging was 
reduced from 16.3% to 2.9% in four cycles of selection in BSAA and from 
23.4% to 6.3% in BSBB. 
Improvement in resistance to the ECB and to DSR was found to be 
associated with highly significant grain yield reductions from the CO 
to C4, which averaged 20% in the populations per se. Ear length was 
the main component contributing to grain yield reductions. Significant 
reductions in plant height over cycles may have been caused by 
selection for early pollen shed, which was imposed because stalk-rot 
resistance was correlated to later pollen shed in BSAA and BSBB. The 
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shorter plants (presumably with less vegetative production) may be 
responsible for a smaller grain sink. This conclusion is suggested 
because the harvest index In BSAA and BSBB did not change over cycles 
(Novoa, 1987). Therefore, a repartltioning of the photosynthate from 
the grain to the stover is not apparent. 
Resistance to anthracnose stalk rot (ASR), caused by 
Colletotrichum graminicola. was significantly improved from the CO to 
C4 population in both BSAA and BSBB. A correlation of 0.86 (P < 0.01) 
between resistance to ASR and to OSR was calculated for the BSAA and 
BSBB populations per se. population crosses, and testcrosses. The 
association between resistance to ASR and to DSR may be caused by a 
genetic correlation or by inadvertent selection against high levels of 
susceptibility to other stalk-rotting organisms, including anthracnose. 
A lack of clear dominance for resistance in BSAA and BSBB suggests that 
resistance to ASR would be necessary on both sides of a single-cross 
hybrid. 
The reaction of the BSAA and BSBB populations to northern corn 
leaf blight (NLB), caused by Exserohim turcicum, was of Interest 
because of the proposed association between high DIMBOA content in 
maize leaf tissue and resistance to NLB. The biochemical factor DIMBOA 
is a proven factor in resistance to leaf feeding by the ECB, and may be 
expected to have increased over cycles in BSBB in response to selection 
for ECB resistance. No association of increased resistance to NLB with 
increased resistance to ECB was found in BSBB. On the contrary, the 
opposite may be true. Selection for ECB resistance and the presumed 
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Increase in DIMBOA content in leaf tissue (pre-tassel stage only) is 
not likely to Impart nonspecific resistance to a variety of leaf 
diseases. 
The third objective of this study was to evaluate the ability of 
improved pest resistance to compensate for the effects of disease 
and/or Insect pressure on grain yield and other traits. The BSAA and 
BSBB populations, population crosses, and testcrosses were evaluated in 
a control treatment (carbofuran applied throughout the growing season 
to control ECBs), under disease pressure (D. maydls inoculations), 
under Insect pressure (ECB infestations), and under both disease and 
Insect pressure. The level of pest resistance in the BSBB advanced 
cycle populations was sufficient to eliminate grain yield losses caused 
by DSR inoculations and ECB infestations. A similar comparison for 
BSAA could not be made because the grain yield losses caused by the 
treatments were nonsignificant. For both synthetics, grain yield 
losses associated with selection were greater than those caused by 
disease or insect pressure. The actual economic benefit of the 
increased resistance, however, may have been underestimated because 
grain yield was evaluated in hand-harvested plots, which would not take 
into account harvest losses caused by the greater Incidence of stalk 
lodging in the original populations relative to the improved 
populations. 
Reductions in stalk lodging incidence over cycles were significant 
in all treatments, but the reductions were of lower magnitude under 
disease pressure than in the control treatment. This may be an 
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Indication that stalk-rot resistance alone Is not enough to reduce 
stalk lodging under disease pressure. A greater degree of physical 
stalk strength may be necessary to achieve maximum standablllty under 
environmental conditions conducive to stalk rot. 
The fourth, and last, objective of this study was to gain an 
understanding of the genetic basis for the correlated changes in 
agronomic traits. A genetic model (Smith 1979a, b) was used to 
separate the effects of genetic drift from those of selection. The 
model Interprets the change in the population mean over cycles of 
selection as a function of the average change in gene frequency and of 
nonepistatlc gene effects. The CO, C4, CO x C4, CO selfed, and C4 
selfed populations of each synthetic were the materials evaluated for 
this part of the study. Changes in agronomic traits were found to be 
caused to a greater degree by changes in gene frequency due to 
selection than by genetic drift, with the exception of grain yield In 
BSBB. Inbreeding depression caused by genetic drift may have been an 
Important factor contributing to grain yield reductions over cycles of 
selection In BSBB. 
The unfavorable changes observed in BSAA and BSBB, particularly 
for grain yield, highlight the need to Include grain yield and maturity 
in a selection index with pest resistance traits such as ECB or DSR 
resistance. Only then will it be possible to combine a good level of 
pest resistance with good yield performance and a real reduction in 
grain yield losses caused by the pest. 
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In this evaluation study, the original BSAA population (CO) had a 
leaf-feeding rating of 2.9 averaged over five environments. This high 
level of resistance helps account for the nonsignificant response to 
selection for ECB resistance. Additionally, the original BSAA 
synthetic had less than half the genetic variation for ECB ratings as 
did the original BSBB synthetic (Section II. Table 1). Based on these 
data, recurrent selection for ECB resistance in BSAA was not Justified. 
However, data collected during the selection program suggested 
otherwise. The mean ECB ratings of BSAACO (averaged over 12 
replications) was 6.2 in 1976 and 4.9 in 1980. There is no apparent 
explanation for the disparity in results. A seed error might be 
suspected if the stalk-rot data and data from other traits had not been 
in order. 
Inbred lines derived from parents used to form the advanced cycle 
populations in this recurrent selection program generally have not 
survived preliminary testing in the inbred line development program of 
Iowa State University. While poor yield performance has limited their 
direct use as parents of single-cross hybrids, they still have 
potential as elite lines in a breeding program. 
Future research relating to recurrent selection for resistance to 
the ECB and to DSR, particularly in BSAA and BSBB, could be directed 
into one of the following areas: 
1. DIMBOA content in the original and improved populations of 
BSAA and BSBB could be measured and related to leaf-feeding ratings and 
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NLB reaction. An Increase In DIMBOA over cycles would be expected for 
BSBB, but not for BSAA. 
2. A reduction in plant height in response to selection may have 
been caused by shorter internodes with no loss in leaf number, or by 
fewer internodes with a reduction of leaf number. A reduction in leaf 
number would support the conclusion that a-smaller photosynthetic leaf 
area resulted in a smaller grain sink and lower yield. Measurements of 
interest on the five cycle populations (CO to C4) of BSAA and BSBB 
would be number of internodes, average internode length, and major and 
minor stalk diameter. This information would give further 
understanding as to why harvest index did not change significantly in 
these two synthetics. 
3. The relationship among grain yield, plant height, pollen date, 
stalk lodging, DSR resistance, and ECB resistance could be further 
characterized by their genetic correlations among unselected S^ lines 
in the CO and C4 populations, and possibly the C2 population, of each 
synthetic. Many important changes seemed to have occurred in cycle 2. 
4. The suggestion was made that selection for stalk strength, in 
addition to stalk-rot resistance, was necessary to reduce stalk lodging 
under high disease pressure (simulated by D. mavdis inoculations). 
This could be investigated by conducting further cycles of selection in 
BSAA and BSBB for rind strength and re-evaluating the populations under 
natural and artificial stalk-rot conditions. Information on this 
subject could also be obtained by evaluating stalk lodging in the 
BSL(S) populations (Devey and Russell, 1983) and the BSIMS and BSISR 
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populations (Martin and Russell, 1984a) under natural and artificial 
stalk-rot conditions. BSL(S) had four cycles of selection for DSR 
resistance followed by three cycles of selection for mechanical stalk 
strength. BSIMS and BSISR had three cycles of selection for mechanical 
stalk strength and DSR resistance, respectively. 
5. A better understanding of the relationship between ASR and DSR 
would be helpful in breeding for resistance to both. A genetic 
correlation among unselected lines could be calculated in a manner 
similar to (3) above. A low genetic correlation between resistance to 
ASR and to DSR would be in agreement with previous researchers, and 
support the suggestion that there was direct selection against a high 
degree of susceptibility to ASR. 
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APPENDIX A. SECTION I TABLES 
Treatment designations (Trt), when used, are as follows: 1 = 
control, 2 = D. mavdis Inoculations, 3 = first-generation European corn 
borer Infestations, and 4 = combination of Trts 2 and 3. 
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Table Al. Analysis of variance of unweighted means of Ist-generatlon 
European corn borer ratings of BSAA and BSBB populations per 
se, population crosses, testcrosses and three single-cross 
checks evaluated in six replications In four environments 
(Ames 1984, 1985, 1986 and Ankeny, 1985) and four 
replications in one environment (Ankeny, 1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Environments (Env) 4 67.550** 
Replications/Env 23 2.670** 
Genotypes (Gen) 27 46.974** 1.284** 
Populations 24 33.551** 0.965 
BSAA cycles 4 1.175 0.368 
linear 1 2.703 0.438 
quadratic 1 0.269 0.402 
cubic 1 0.923 0.265 
residual 1 0.805 0.368 
BSBB cycles 4 44,978** 1.118 
linear 1 107.127** 2.171* 
quadratic 1 51.303** 0.742 
cubic 1 13.429** 0.706 
residual 1 8.052* 0.854 
BSAA X BSBB cycles 4 7.036** 0.685 
linear 1 12.017** 0.308 
quadratic 1 13.117** 0.481 
cubic 1 2.563 1.495 
residual 1 0.449 0.457 
BSAA testcross cycles 4 5.472** 0.525 
linear 1 6.429* 0.569 
quadratic 1 13.896** 0.349 
cubic 1 0.282 0.332 
residual 1 1.281 0.852 
BSBB testcross cycles 4 31.270** 1.255 
linear 1 100.270** 1.290 
quadratic 1 3.139 1.490 
cubic 1 18.534** 2.191» 
residual 1 3.140 0.047 
Among groups 4 111.377** 1.841** 
heterosis contrast 1 1.539 0.243 
Checks 2 189.168** 3.763 
Populations vs checks I  84.736** 3.972 
Error 621 0.870 
Total 783 
C.V. (%) 24.5 
**#Signlfleant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table A2. Analysis of variance for Dlplodla stalk rot ratings of BSAA 
and BSBB populations per se, population crosses, testorosses 
and three single-cross checks evaluated In two environments 
(Ames 1984 and 1985) 
Mean squares 
Source of Variation d.f. Gen. Gen X El 
Environments (Env) 1 54.030** 
Repllcatlons/Env 8 1.460** 
Genotypes (Gen) 27 4.824** 0.439 
Populations 24 3.410** 0.398 
BSAA cycles 4 3.731** 0.257 
linear 1 14.137** 0.014 
quadratic 1 0.772 0.553 
cubic 1 0.004 0.084 
residual 1 0.009 0.379 
BSBB cycles 4 3.296** 0.283 
linear 1 12.673** 0.608 
quadratic 1 0.480 0,457 
cubic 1 0.014 0.019 
residual 1 0.018 0.048 
BSAA X BSBB cycles 4 2.547** 0.471 
linear 1 8.702** 1.768 
quadratic 1 1.011 0.060 
cubic 1 0.250 0.057 
residual 1 0.226 0.000 
BSAA testcross cycles 4 2.308** 0.641 
linear 1 8.008** 0.592 
quadratic 1 0.817 1.340 
cubic 1 0.000 0.624 
residual 1 0.408 0.007 
BSBB testcross cycles 4 0.628 0.459 
linear 1 0.518 0.193 
quadratic 1 1.650** 0.714 
cubic 1 0.313 0.672 
residual 1 0.033 0.256 
Among groups 4 7.949** 0.274 
heterosis contrast 1 0.504 0.094 
Checks 2 23.957** 0.676 
Populations vs checks 1 0.467 0,676 
Error 216 0.372 
Total 279 
C.V. (%) 17.7 
**Signlfleant at the 0.01 probability level. 
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Table A3. Analysis of variance for rind puncture ratings of BSAA and 
BSBB populations per se, population crosses, testcrosses and 
three single-cross checks evaluated In two environments 
(Ames 1984 and 1985) 
Mean squares 
Source of Variation d.f. Gen. Gen x Env 
Environments (Env) 1 111.710 
Repllcatlons/Env 8 .11.450 
Genotypes (Gen) 27 3.398*» 0.843 
Populations 24 1.779** 0.740 
BSAA cycles 4 0.885 1.658* 
linear 1 1.578 0.321 
quadratic 1 0.970 3.400* 
cubic 1 0.553 0.666 
residual 1 0.438 2.245 
BSBB cycles 4 2.710*» 0.854 
linear 1 9.098** 0,587 
quadratic 1 1.227 2.604* 
cubic 1 0.494 0.218 
residual 1 0.020 0.008 
BSAA X BSBB cycles 4 2.497** 0.240 
linear 1 8.401** 0.301 
quadratic 1 0.955 0.058 
cubic 1 0.066 0.066 
residual 1 0.566 0.536 
BSAA testcross cycles 4 1.674* 0.940 
linear 1 5.247** 3.242* 
quadratic 1 1.261 0.069 
cubic 1 0.008 0.152 
residual 1 0.180 0.297 
BSBB testcross cycles 4 0.450 0.156 
linear 1 0.968 0.103 
quadratic 1 0.208 0.470 
cubic 1 0.566 0.016 
residual 1 0.057 0.357 
Among groups 4 2.461** 0.593 
heterosis contrast 1 0.492 1.316 
Checks 2 19.339** 1.333 
Populations vs checks 1 10.356** 2.332 
Error 216 0.605 
Total 279 
C.V. (%) 13.5 
*,**Slgnlfleant at the 0.05 and 0.01 probability levels, 
respectively. 
Table A4. Analysis of variance of unweighted means for stalk lodging incidence of BSAA and 
BSBB populations per se, population crosses, testcrosses, and three single-cross 
checks in four treatments evaluated In three replications in four environments (Ames 
1984, 1985, and 1986; and Ankeny 1985) and two replications in one environment 
(Ankeny 1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X Trt x Env 
(d.f. X 12) 
Environments (Env) 4 1.805** 
Replications/Env 9 0.173** 
Treatments (Trt) 3 0.678** 
Trt X Env 12 0.107 
Error (a) 27 0.060 
Genotypes (Gen) 27 1.556** 0.061** 0.025 0.030 
Populations 24 0.981** 0.055** 0.025 0.029 
BSAA cycles 4 0.639** 0.025 0.017 0.025 
linear 1 2.336** 0.018 0.008 0.007 
quadratic 1 0.016 0.041 0.036 0.038 
cubic 1 0.182 0.019 0.008 0.038 
residual 1 0.022 0.022 0.020 0.017 
BSBB cycles 4 0.415** 0.025 0.041 0.023 
linear 1 1.260** 0.025 0.039 0.025 
quadratic 1 0.356* 0.036 0.037 0.021 
cubic 1 0.037 0.005 0.070* 0,027 
residual 1 0.007 0.033 0.017 0.018 
BSAA X BSBB cycles 4 0.445** 0.044* 0.027 0.024 
linear 1 1.701** 0.062* 0.034 0.026 
quadratic 1 0.068 0.031 0.004 0.011 
cubic 1 0.012 0.040 0.049 0.029 
residual 1 0.001 0.043 0.022 0.029 
BSAA testcross cycles 4 0.449** 0.036 0.033 0.031 
linear 1 1.653** 0.064* 0.008 0.042 
quadratic 1 0.046 0.008 0.034 0.014 
cubic 1 0.086 0.049 0.066 0.041 
residual 1 0.011 0.023 0.024 0.028 
BSBB testcross cycles 4 0.199^ 0.030 0.011 0.026 
linear 1 0.585^* 0.021 0.014 0.032 
quadratic 1 0.008 0.058 0.009 0.024 
cubic 1 0.071 0.036 0.021 0.023 . 
residual 1 0.133 0.006 0.002 0.023 
Among groups 4 3.740»^ 0.167** 0.022 0.043** 
heterosis contrast 1 0.020 0.006 0.001 0.036 
Checks 2 g.ior*^ 0.146** 0.004 0.036 
Populations vs Checks 1 0.256» 0.033 0.053 0.030 
Error (b) 972 0.026 
Total 1567 
C.V. (%) 36.6 
•.••significant at the 0.05 and 0.01 probability levels, respectively. 
Table A5. Analysis of variance of unweighted means for root lodging incidence of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames 1984, 
1985, and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen x Env Gen x Trt Gen x Trt x Env 
(d.f. X 4) (d.f. X 3) (d.f. X 12) 
Environments (Env) 4 24.752** 
Replications/Env 9 0.234»* 
Treatments (Trt) 3 0.022 
Trt X Env 12 0.059 
Error (a) 27 0.050 
Genotypes (Gen) 27 0,243** 0.091** 0.029 0.030» 
Populations 24 0.120 0.061** 0.029 0.027 
BSAA cycles 4 0.087 0.054** 0.034 0.030 
linear 1 0.313 0.089** 0,056 0.035 
quadratic 1 0.025 0.063* 0.052 0.016 
cubic 1 0.004 0.048 0.008 0.043 
residual 1 0.005 0.016 0.020 0.028 
BSBB cycles 4 0.047 0.027 0.022 0.031 
linear 1 0,050 0.018 0,035 0.050» 
quadratic 1 0.072 0.034 0.016 0.040 
cubic 1 0.017 0.036 0.017 0.012 
residual 1 0,048 0.020 0.020 0.021 
BSAA X BSBB cycles 4 0.050 0.057** 0.039 0.026 
linear 1 0.000 0.056 0.031 0.040 
quadratic 1 0.000 0.088** 0.013 0.012 
cubic 1 0.172 0.078* 0.025 0.025 
residual 1 0.029 0.005 0.088* 0.029 
BSAA testcross cycles 4 0.017 0.014 0.016 0.024 
linear 1 0.021 0.037 0.016 0.013 
quadratic 1 0.006 0.004 0.025 0.026 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 
Error (b) 972 
Total 1567 
C.V. (%) 
0.016 0.009 0.005 0.032 
0.027 0.007 0.018 0.026 
0.018 0.030 0.017 0.027 
0.013 0.002 0.010 0.020 
0,045 0.077^ 0.033 0.031 
0.000 0.005 0.019 0.039 
0.014 0.035 0.007 0.017 
0.504^^ 0.185^^ 0.043 0.026 
0.000 0.029 0.024 0.017 
1.082^^ 0.410** 0.050 0.047** 
1.485^^ 0.177*» 0.004 0.038 
0.025 
50.8 
•.••Significant at the 0.05 and 0.01 probability levels, respectively. 
Table A6. Analysis of variance of unweighted means for soft stalk Incidence of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames 1984, 
1985, and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X Trt x Env 
(d.f. X 12) 
Environments (Env) 4 2.538** 
Replications/Env 9 0.333** 
Treatments (Trt) 3 0.235 
Trt X Env 12 0.125* 
Error (a) 27 0.051 
Genotypes (Gen) 27 1.752** 0.086** 0.024 0.029 
Populations 24 1.060** 0.057** 0.024 0.026 
BSAA cycles 4 0.651** 0.020 0.031 0.024 
1inear 1 2.078** 0.039 0.030 0.034 
quadratic 1 0.036 0.019 0.043 0.022 
cubic 1 0.485* 0.011 0.038 0.014 
residual 1 0.003 0.012 0.012 0.027 
BSBB cycles 4 0.313** 0.041 0.028 0.022 
linear 1 0.384* 0.052 0.044 0.013 
quadratic 1 0.555* 0.020 0.008 0.031 
cubic 1 0.112 0.017 0.042 0.021 
residual 1 0.202 0.076* 0.020 0.023 
BSAA X BSBB cycles 4 0.449** 0.027 0.013 0.029 
linear 1 1.440** 0.030 0.005 0.027 
quadratic 1 0.119 0.003 0.004 0.033 
cubic 1 0.126 0.037 0.032 0.030 
residual 1 0.112 0.040 0.011 0.027 
BSAA testcross cycles 4 0.285* 0.072** 0.030 0.034 
linear 1 1.052** 0.212** 0.017 0.017 
quadratic 1 0.031 0.068* 0.025 0.033 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 
Error (b) 972 
Total 1567 
C.V. (%) 
0.054 0.005 0.051 0.032 
0.002 0.002 0.026 0.053 
0.129 0.016 0.012 0.027 
0.357* 0.008 0.002 0.023 
0.023 0.027 0.002 0.014 
0.106 0.021 0.020 0.042 
0.031 0,010 0.026 0.028 
4.532»* 0.165** 0.025 0.020 
0.032 0.088* 0.003 0.021 
10.031** 0.358** 0.011 0.060** 
1.808** 0.236** 0.055 0.032 
0.027 
30.4 
•.••Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table A7. Mean values for Ist-generation ECB ratings in five 
environments 
1984 1985 1986 
Entry Ames Ankeny Ames Ankeny Ames 
1-9 scale 
BSAACO 3.00 3.75 1.83 3.83 2.17 
BSAA(SRCB)C1 3.00 3.75 2.33 3.16 2.83 
BSAA(SRCB)C2 2.50 3.00 2.00 3.33 2.00 
BSAA(SRCB)C3 2.50 3.25 2.00 3.16 2.00 
BSAA(SRCB)C4 2.33 3.00 2.00 3.67 2.17 
BSBBCO 5.00 5.75 4.33 7.50 6.17 
BSBB(SRCB)C1 3.00 3.50 2.16 3.33 3.17 
BSBB(SRCB)C2 2.83 3.00 2.50 4.33 3.00 
BSBB(SRCB)C3 2.50 3.00 2.16 3.50 2.17 
BSBB(SRCB)C4 2.33 3.50 2.33 3.66 2.17 
BSAACO X BSBBCO 3.83 4.25 2.83 4.83 3.67 
BSAA CI X BSBB CI 3.33 3.25 2.00 2.83 2.33 
BSAA C2 X BSBB C2 2.50 3.00 2.00 3.83 2.17 
BSAA C3 X BSBB C3 2.50 2.75 2.33 3.83 2.17 
BSAA C4 X BSBB C4 2.66 3.75 2.00 3.33 2.50 
BSAACO X 03420x187 -2 5.00 5.50 4.00 6.33 4.83 
BSAACl X 0s420xl87--2 4.83 4.50 3.83 5.83 4.17 
BSAAC2 X 03420x187--2 3.83 4.50 2.83 4.83 3.83 
BSAAC3 X 0s420xl87--2 4.66 4.00 2.83 5.66 3.83 
BSAAC4 X 03420x187 -2 4.50 4.25 3.66 6.33 4.17 
BSBBCO X 0s420xl87--2 6.50 5.50 5.66 7.66 7.00 
BSBBCl X 0s420xl87--2 4.83 5.00 3.17 5.83 4.17 
BSBBC2 X 03420x187-•2 5.16 5.00 3.16 6.16 4.67 
BSBBC3 X 0s420xl87--2 4.66 4.00 3.16 5.50 4.83 
BSBBC4 X 03420x187-•2 3.00 4.25 2.50 4.16 3.67 
1375 X CI31A 2.00 2.25 2.00 2.33 1.83 
B14A X C103 5.16 5.25 3.00 5.33 5.67 
03420 X 187-2 6.50 6.25 6.66 8.66 8.67 
Mean 3.73 4.03 2.90 4.74 3.64 
LSD 5% 1.20 1.21 0.86 1.21 0.98 
C.V. (%) 28.3 21.4 26.0 22.3 23.6 
-ferf 
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Table A8. Mean values for Dlpodla stalk rot 
ratings in two years 
Entry 1984 1985 
—— 1—6 scale ———— 
BSAACO 4.22 2.92 
BSAA(SRCB)C1 3.84 3.00 
BSAA(SRCB)C2 3.66 2.62 
BSAA(SRCB)C3 2.92 2.36 
BSAA(SRCB)C4 2.74 1.42 
BSBBCO 4.62 3.66 
BSBB(SRCB)C1 4.14 3.20 
BSBB(SRCB)C2 3.56 2.80 
BSBB(SRCB)C3 3.48 2.34 
BSBB(SRCB)C4 3.56 1.92 
BSAACO X BSBBCO 4.48 3.04 
BSAA CI X BSBB CI 4.06 2.90 
BSAA C2 X BSBB C2 4.06 3.04 
BSAA C3 X BSBB C3 3.50 2.68 
BSAA C4 X BSBB C4 2.62 2.34 
BSAACO X 0s420xl87-2 4.54 4.38 
BSAACl X 08420x187-2 4.06 3.60 
BSAAC2 X 08420x187-2 4.24 3.18 
BSAAC3 X 03420x187-2 3.96 2.56 
BSAAC4 X 08420x187-2 3.56 3.10 
BSBBCO X 08420x187-2 4.84 3.98 
BSBBCl X 08420x187-2 4.26 3.36 
BSBBC2 X 08420x187-2 4.26 3.36 
BSBBC3 X 08420x187-2 4.58 3.20 
BSBBC4 X 08420x187-2 4.10 3.92 
B14A X C103 1.86 1.32 
B14A X 0h41 4.34 3.28 
08420 X 187-2 4.58 4.56 
Mean 3.88 3.00 
LSD 5% 0.83 0.68 
C.V. {%) 17.3 18.1 
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Table A9. Mean values for rind puncture readings 
in two years 
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Table AlO. Mean values for stalk lodging incidence (transformed) 
under four treatments in five environments and combined 
over environments 
1984 —1985 1986 Corn-
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO 1 0.47 0.50 0.38 0.35 0.36 0.41 
BSAACO 2 0.35 0.65 0.49 0.54 0.47 0.50 
BSAACO 3 0.40 0.51 0.38 0.15 0.61 0.41 
BSAACO 4 0.37 0.64 0.52 0.33 0.58 0.49 
BSAA(SRCB)C1 1 0.49 0.49 0.39 0.41 0.56 0.47 
BSAA(SRCB)C1 2 0.44 0.76 0.42 0.45 0.56 0.53 
BSAA(SRCB)C1 3 0.57 0.42 0.41 0.31 0.44 0.43 
BSAA(SRCB)C1 4 0.43 0.65 0.25 0.40 0.53 0.45 
BSAA(SRCB)C2 1 0.24 0.55 0.20 0.11 0.21 0.26 
BSAA(SRCB)C2 2 0.38 0.71 0.37 0.35 0.49 0.46 
BSAA(SRCB)C2 3 0.31 0.38 0.39 0.31 0.29 0.34 
BSAA(SRCB)C2 4 0.34 0.35 0.19 0.23 0.55 0.33 
BSAA(SRCB)C3 1 0.20 0.35 0.08 0.18 0.35 0.23 
BSAA(SRCB)C3 2 0.34 0.57 0.22 0.46 0.25 0.37 
BSAA(SRCB)C3 3 0.27 0.37 0.15 0.16 0.12 0.21 
BSAA(SRCB)C3 4 0.28 0.14 0.29 0.16 0.34 0.24 
BSAA(SRCB)C4 1 0.23 0.19 0.07 0.08 0.27 0.17 
BSAA(SRCB)C4 2 0.00 0.37 0.23 0.19 0.49 0.26 
BSAA(SRCB)C4 3 0.20 0.19 0.26 0.00 0.40 0.21 
BSAA(SRCB)C4 4 0.14 0.44 0.11 0.26 0.43 0,28 
BSBBCO 1 0.42 0.75 0.38 0.50 0.47 0.51 
BSBBCO 2 0.60 0.71 0.52 0.50 0.61 0.59 
BSBBCO 3 0.45 0.55 0.40 0.58 0.56 0.51 
BSBBCO 4 0.45 0.54 0.37 0.39 0.40 0.43 
BSBB(SRCB)C1 1 0.37 0.39 0.36 0.42 0.22 0.35 
BSBB(SRCB)C1 2 0.19 0.42 0.38 0.47 0.46 0.39 
BSBB(SRCB)C1 3 0.37 0.28 0.27 0.49 0.45 0.37 
BSBB(SRCB)C1 4 0.46 0.45 0.08 0.27 0.47 0.34 
BSBB(SRCB)C2 1 0.22 0.26 0.20 0.29 0.20 0.23 
BSBB(SRCB)C2 2 0.27 0.52 0.33 0.49 0.33 0.39 
BSBB(SRCB)C2 3 0.28 0,54 0.30 0.39 0.22 0.35 
BSBB(SRCB)C2 4 0.40 0.55 0.19 0.27 0.24 0,33 
BSBB(SRCB)C3 1 0.27 0.18 0.19 0.20 0.22 0.21 
BSBB(SRCB)C3 2 0.43 0.62 0.36 0.38 0.40 0.44 
BSBB(SRCB)C3 3 0.37 0.39 0.16 0.45 0.40 0.35 
BSBB(SRCB)C3 4 0.00 0.48 0.11 0.16 0.26 0.20 
BSBB(SRCB)C4 1 0.16 0.41 0.11 0.22 0.37 0.25 
BSBB(SRCB)C4 2 0.37 0.59 0.36 0.27 0.44 0.41 
BSBB(SRCB)C4 3 0.27 0.46 0.19 0.15 0.00 0.21 
BSBB(SRCB)C4 4 0.32 0.53 0.16 0.20 0.41 0.33 
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Table AlO. Continued 
1984 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 0.20 0.49 0.57 0,36 0.52 0.43 
BSAACO X BSBBCO 2 0.46 0.63 0.45 0.32 0.61 0.49 
BSAACO X BSBBCO 3 0.36 0.58 0.47 0.53 0.34 0.46 
BSAACO X BSBBCO 4 0.50 0.57 0.31 0.40 0.43 0.44 
BSAA CI X BSBB CI 1 0.29 0.77 0.42 0.40 0.22 0.42 
BSAA CI X BSBB CI 2 0.45 0.59 0.26 0.57 0.40 0.46 
BSAA CI X BSBB CI 3 0.48 0.52 0.35 0.53 0.36 0.45 
BSAA CI X BSBB CI 4 0.44 0.70 0.12 0.39 0.52 0.43 
BSAA C2 X BSBB C2 1 0.32 0.47 0.27 0.12 0.40 0.31 
BSAA C2 X BSBB C2 2 0.41 0.55 0.28 0.46 0.61 0.46 
BSAA C2 X BSBB C2 3 0.38 0.43 0.36 0.36 0.47 0.40 
BSAA C2 X BSBB C2 4 0.38 0.38 0.22 0.45 0.43 0.37 
BSAA C3 X BSBB C3 1 0.24 0.37 0.19 0.27 0.35 0.29 
BSAA C3 X BSBB C3 2 0.54 0.67 0.32 0.29 0.49 0.46 
BSAA C3 X BSBB C3 3 0.09 0.13 0.34 0.16 0.30 0.20 
BSAA C3 X BSBB C3 4 0.24 0.59 0.15 0.08 0.37 0.29 
BSAA C4 X BSBB C4 1 0.16 0.31 0.08 0.00 0.34 0.18 
BSAA C4 X BSBB C4 2 0.31 0.32 0.30 0.22 0.41 0.31 
BSAA C4 X BSBB C4 3 0.17 0.19 0.23 0.17 0.32 0.21 
BSAA C4 X BSBB C4 4 0.15 0.36 0.08 0.22 0.47 0.26 
BSAACO X 08420x187--2 1 0.49 0.72 0.69 0.72 0.89 0.70 
BSAACO X 08420x187 -2 2 0.51 0.72 0.82 0.86 0.88 0.76 
BSAACO X 08420x187--2 3 0.41 0.79 0.79 0.81 0.56 0.67 
BSAACO X 0s420xl87--2 4 0.56 0.92 0.52 0.49 0.78 0.66 
BSAACl X 03420x187--2 1 0.27 0.68 0.54 0.84 0.56 0.58 
BSAACl X 08420x187--2 2 0.54 0.60 0.65 0.58 0.86 0.65 
BSAACl X 08420x187--2 3 0.34 0.71 0.62 0.73 0.79 0.64 
BSAACl X 08420x187--2 4 0.48 1.20 0.74 0.72 0.81 0.79 
BSAAC2 X 08420x187-•2 1 0.35 0.58 0.54 0.66 0.71 0.57 
BSAAC2 X 08420x187-•2 2 0.31 0.64 0.52 0.45 1.00 0.58 
BSAAC2 X 08420x187-2 3 0.35 0.46 0.61 0.46 0.66 0.51 
BSAAC2 X 08420x187-2 4 0.37 0.66 0.52 0.61 0.74 0.58 
BSAAC3 X 08420x187-2 1 0.37 0.48 0.57 0.33 0.72 0.49 
BSAAC3 X 08420x187-2 2 0.45 0.46 0.44 0.56 0.82 0.54 
BSAAC3 X 08420x187-2 3 0.32 0.69 0.43 0.34 0.62 0.48 
BSAAC3 X 08420x187-2 4 0.46 0.63 0.46 0.34 0.59 0.50 
BSAAC4 X 03420x187-2 1 0.29 0.37 0.61 0.48 0.55 0.46 
BSAAC4 X 03420x187-2 2 0.37 0.75 0.45 0.45 0.94 0.59 
BSAAC4 X 08420x187-2 3 0.26 0.43 0.49 0.42 0.62 0.44 
BSAAC4 X 08420x187-2 4 0.32 0.56 0.40 0.59 0.67 0.51 
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Table AlO. Continued 
1984 1985 1986 Com­
Entry Trt Ame3 Ankeny Ame8 Ankeny Ame3 bined 
BSBBCO X 08420x187-2 1 0.45 0.66 0.61 0.72 0.60 0.61 
BSBBCO X 08420x187-2 2 0.55 0.54 . 0.62 0.65 0.94 0.66 
BSBBCO x 08420x187-2 3 0.45 0.78 0.53 0.58 0.68 0.60 
BSBBCO X 03420x187-2 4 0.44 0.73 0.54 0.58 1.06 0.67 
BSBBCl X 03420x187-2 1 0.47 0.52 0.61 0.53 0.32 0.49 
BSBBCl X 03420x187-2 2 0.55 0.70 0.40 0.58 0.89 0.62 
BSBBCl X 08420x187-2 3 0.55 0.63 0.60 0.51 0.49 0.56 
BSBBCl X 08420x187-2 4 0.56 0.49 0.44 0.47 0.68 0.53 
BSBBC2 X 08420x187-2 1 0.60 0.70 0.55 0.51 0.58 0.59 
BSBBC2 X 08420x187-2 2 0.46 0.60 0.79 0.57 0.96 0.67 
BSBBC2 X 08420x187-2 3 0.35 0.75 0.65 0.56 0.48 0.56 
BSBBC2 X 03420x187-2 4 0.61 0.64 0.49 0.54 0.65 0.59 
BSBBC3 X 08420x187-2 1 0.28 0.67 0.52 0.51 0.64 0.52 
BSBBC3 X 0s420xl87-2 2 0.52 0.56 0.58 0.52 0.80 0.59 
BSBBC3 X 03420x187-2 3 0.29 0.60 0.46 0.42 0.63 0.48 
BSBBC3 X 03420x187-2 4 0.40 0.54 0.48 0.51 0.67 0.52 
BSBBC4 X 08420x187-2 1 0.29 0.31 0.56 0.48 0.66 0.46 
BSBBC4 X 08420x187-2 2 0.34 0.51 0.43 0.62 0,78 0.54 
BSBBC4 X 03420x187-2 3 0.26 0.71 0.48 0.50 0,52 0.49 
BSBBC4 X 03420x187-2 4 0.20 0.63 0.44 0.44 0,48 0.44 
B75 X CI31A 1 0.26 0.49 0.14 0.30 0,14 0.27 
B75 X CI31A 2 0.20 0.31 0,50 0.42 0,25 0.34 
B75 X CI31A 3 0.20 0.57 0.22 0.15 0.00 0.23 
B75 X CI31A 4 0.46 0.33 0.21 0.39 0.29 0.33 
B14A X C103 1 0.08 0.17 0,00 0.00 0.00 0.05 
B14A X C103 2 0.00 0.19 0,11 0.08 0.00 0.08 
B14A X C103 3 0.00 0.00 0,00 0.08 0.07 0.03 
B14A X C103 4 0,08 0,27 0,00 0.00 0.08 0.09 
08420 X 187-2 1 0.56 0.81 0,84 1.12 1.02 0.87 
08420 X 187-2 2 0.75 0.80 0,92 0.69 1.20 0.87 
08420 X 187-2 3 0.63 0.71 0,71 0.88 1.06 0.80 
0s420 X 187-2 4 0.76 1.03 0.66 0.83 1.12 0.88 
Mean 0.36 0.53 0.39 0.41 0.51 0.44 
LSD 5% treatment/entry 0.27 0.39 0.26 0.26 0.27 0.12 
LSD 5% entries/treatment 0.26 0.38 0.23 0.24 0.26 0.12 
C.V. (%) 44.6 36.1 37.7 38.1 31.5 36.6 
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Table All. Mean values for root lodging incidence (transformed) 
under four treatments in five environments and combined 
over environments 
1984 1985 1986 Corn-









































0.08 0.13 0.32 
0.24 0.32 0.25 
0.08 0.14 0.25 
0.08 0.13 0.19 
0.08 0.13 0.34 
0.08 0.00 0.30 
0.08 0.00 0.26 
0.00 0.14 0.26 
0.08 0.13 0.20 
0.00 0.00 0.23 
0.00 0.00 0.35 
0.08 0.27 0.21 
0.00 0.13 0.15 
0.08 0.51 0.08 
0.00 0.13 0.00 
0.17 0.00 0.11 
0.00 0.19 0.00 
0.00 0.13 0.15 
0.00 0.32 0.00 
0.08 0.15 0.00 
0.00 0.00 0.40 
0.08 0.00 0.14 
0.00 0.76 0.18 
0.00 0.18 0.23 
0.00 0.00 0,28 
0.00 0.19 0.16 
0.00 0.19 0.19 
0.00 0.00 0.08 
0,00 0.13 0.19 
0.00 0.00 0.24 
0.00 0.14 0.08 
0.00 0.00 0.16 
0.00 0.32 0.19 
0.00 0.33 0.00 
0.00 0.30 0.15 
0.00 0.00 0.16 
0.00 0.31 0,08 
0.00 0.14 0.08 
0.00 0.27 0.14 
0.09 0.00 0.16 
0.71 0.80 0.41 
0.47 0.83 0.42 
0.66 0,87 0.40 
0.58 0.86 0.37 
0.82 0,95 0.47 
0.58 0.96 0.39 
0.61 0.99 0.39 
0.62 0.95 0.40 
0.70 0,86 0.40 
0,70 0,80 0.35 
0,56 0,70 0.32 
0,68 0.85 0.42 
0.73 0.88 0.38 
0.48 0.82 0.40 
0,56 0.79 0,30 
0,58 0.74 0.32 
0.20 0.70 0,22 
0.70 1.03 0.40 
0,41 0.63 0.27 
0.59 0.92 0.35 
0.30 0.59 0.26 
0.39 0.58 0.24 
0,51 0.71 0.43 
0,33 0.59 0.27 
0.42 0.59 0.26 
0,29 0.74 0.28 
0,35 0.62 0.27 
0,52 0,58 0.24 
0,48 0.26 0.21 
0,22 0,44 0,18 
0,41 0,64 0,25 
0.45 0,50 0.22 
0,38 0.54 0.29 
0,44 0.60 0.28 
0.45 0.57 0.29 
0.40 0.45 0.20 
0.27 0.59 0.25 
0,33 0.73 0.26 
0,47 0,45 0,26 
0,28 0.60 0.23 
Table All. Continued 
1984 1985 1986 Com­
Entry Trt Anes Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 0.00 0.13 0.19 0.52 0.75 0.32 
BSAACO X BSBBCO 2 0.08 0.00 0.23 0.43 0.73 0.30 
BSAACO X BSBBCO 3 0.00 0.26 0.19 0.34 0.65 0.29 
BSAACO X BSBBCO 4 0.00 0.13 0.11 0.48 0,70 0.28 
BSAA CI X BSBB CI 1 0.00 0.00 0.25 0.54 0.76 0.31 
BSAA CI X BSBB CI 2 0.08 0.15 0.08 0.45 0.99 0.35 
BSAA CI X BSBB CI 3 0.00 0.00 0.19 0.52 0,86 0.32 
BSAA CI X BSBB CI 4 0.08 0.00 0.28 0.56 0.89 0.36 
BSAA C2 X BSBB C2 1 0.00 0.00 0.11 0.43 0,68 0.24 
BSAA C2 X BSBB C2 2 0.00 0.13 0.24 0.58 0,68 0.33 
BSAA C2 X BSBB C2 3 0.17 0.12 0.27 0.74 0,82 0.42 
BSAA C2 X BSBB C2 4 0.00 0.00 0.16 0.52 0,89 0.31 
BSAA C3 X BSBB C3 1 0.00 0.14 0.26 0.45 0,64 0.30 
BSAA C3 X BSBB C3 2 0.00 0.13 0.15 0.50 0.86 0.33 
BSAA C3 X BSBB C3 3 0.00 0.00 0.08 0.41 0.38 0.17 
BSAA C3 X BSBB C3 4 0.08 0.00 0.15 0.58 0.46 0.26 
BSAA C4 X BSBB C4 1 0.00 0.13 0.08 0.42 0.78 0.28 
BSAA C4 X BSBB C4 2 0.00 0.55 0.16 0,56 0.83 0.42 
BSAA C4 X BSBB C4 3 0.00 0,00 0.11 0,70 0.72 0,31 
BSAA C4 X BSBB C4 4 0.00 0.45 0.00 0.42 0.77 0.33 
BSAACO X 0s420xl87 -2 1 0.08 0.00 0.25 0.46 0.92 0.34 
BSAACO X 08420x187 -2 2 0.08 0.00 0.25 0.42 0.84 0.32 
BSAACO X 08420x187 -2 3 0.09 0.32 0.24 0.55 0.86 0.41 
BSAACO X 03420x187 -2 4 0.00 0.13 0.32 0.59 0.88 0.38 
BSAACl X 08420x187--2 1 0.00 0.00 0.32 0.56 0.76 0.33 
BSAACl X 08420x187 -2 2 0.00 0.26 0.11 0.67 0.81 0.37 
BSAACl X 03420x187--2 3 0.16 0.23 0.20 0.46 0.94 0,40 
BSAACl X 03420x187--2 4 0.00 0.00 0.45 0.47 0.87 0,36 
BSAAC2 X 03420x187--2 1 0.09 0.00 0.19 0.70 1,00 0,39 
BSAAC2 X 03420x187--2 2 0.00 0.14 0.19 0.50 0,88 0.34 
BSAAC2 X 03420x187-•2 3 0.00 0.13 0.11 0,56 0,80 0.32 
BSAAC2 X 03420x187--2 4 0.00 0.13 0.36 0.39 0.72 0.32 
BSAAC3 X 08420x187-2 1 0.08 0.00 0.28 0.70 0.89 0.39 
BSAAC3 X 08420x187-2 2 0.00 0.48 0.15 0.40 0.82 0.37 
BSAAC3 X 08420x187-2 3 0.00 0.33 0.08 0.70 0,89 0.40 
BSAAC3 X 08420x187-2 4 0.00 0.00 0,33 0,60 0,71 0.33 
BSAAC4 X 08420x187-2 1 0.00 0.13 0.27 0.62 0.75 0.35 
BSAAC4 X 03420x187-2 2 0.00 0.00 0,08 0.54 0.77 0.28 
BSAAC4 X 08420x187-2 3 0.00 0.00 0.19 0.64 0.80 0.33 
BSAAC4 X 03420x187-2 4 0.00 0.18 0.27 0.56 0.74 0.35 
Table All. Continued 
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1984-- 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSBBCO X 08420x187--2 1 0.00 0.00 0.34 0.52 0.86 0.34 
BSBBCO X 08420x187 -2 2 0.00 0.41 0.08 0.41 0.71 0.32 
BSBBCO X 0s420xl87 -2 3 0.00 0.00 0.27 0.42 0.69 0.28 
BSBBCO X 08420x187 -2 4 0.00 0.26 0.23 0.40 0.62 0.30 
BSBBCl X 08420x187--2 1 0.17 0.18 0.42 0.42 0.60 0.36 
BSBBCl X 0s420xl87--2 2 0.00 0.00 0.19 0.47 0.88 0.31 
BSBBCl X 08420x187--2 3 0.08 0.13 0.22 0.60 0.83 0.37 
BSBBCl X 08420x187--2 4 0.00 0.00 0.42 0.54 0.62 0.32 
BSBBC2 x 08420x187--2 1 0.00 0.26 0.49 0.63 0.63 0.40 
BSBBC2 X 0s420xl87--2 2 0.09 0.00 0.28 0.50 0.54 0.28 
BSBBC2 X 08420x187--2 3 0.00 0.00 0.33 0.58 0.68 0.32 
BSBBC2 X 0s420xl87--2 4 0.00 0.00 0.29 0.55 0.60 0.29 
BSBBC3 X 08420x187-•2 1 0.08 0.00 0.41 0.60 0.75 0.37 
BSBBC3 X 08420x187-•2 2 0.00 0.22 0.20 0.42 0.81 0.33 
BSBBC3 X 08420x187-•2 3 0.09 0,00 0.27 0.44 0.62 0.28 
BSBBC3 X 08420x187-2 4 0.00 0.00 0.36 0.45 0.83 0.33 
BSBBC4 X 08420x187-2 1 0.00 0.13 0.11 0.49 0.69 0.28 
BSBBC4 X 08420x187-2 2 0.08 0.25 0.16 0.33 0.94 0.35 
BSBBC4 X 08420x187-2 3 0.00 0.12 0.21 0.52 0.53 0.28 
BSBBC4 X 08420x187-2 4 0,00 0,00 0,30 0.44 0,51 0.25 
B75 X CI31A 1 0.08 0.00 0,08 0.69 0,94 0,36 
B75 X CI31A 2 0.00 0.00 0.00 0.58 0.52 0.22 
B75 X CI31A 3 0.00 0.31 0.27 0.60 0.43 0.32 
B75 X CI31A 4 0.00 0.00 0.08 0.64 0.63 0.27 
B14A X C103 1 0.00 0.00 0.00 0.08 0.00 0.02 
B14A X C103 2 0.00 0.00 0.00 0.13 0.14 0.05 
B14A X C103 3 0.00 0.00 0.00 0.27 0.00 0.05 
B14A X C103 4 0.00 0.27 0.00 0.20 0.08 0.11 
08420 X 187-2 1 0.00 0.25 0.23 0.28 0.91 0.34 
08420 X 187-2 2 0.09 0.13 0.19 0.66 0.75 0.36 
08420 X 187-2 3 0.00 0.00 0.23 0.27 1.03 0.30 
08420 X 187-2 4 0.09 0.00 0.14 0.08 0.89 0.24 
Mean 0.03 0.12 0.19 0.49 0.71 0.31 
LSD 5% treatment/entry 0.13 0.43 0.27 0.27 0.32 0.13 
LSD 5% entries/treatment 0.12 0.42 0.25 0.25 0.31 0.13 
C.V. (%) 258.3 175.1 80.1 32.0 26.4 50.8 
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Table A12. Mean values for soft stalk incidence (transformed) 
• under four treatments in five environments and combined 
over environments 
— — — — ' 1984——— 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO 1 0.57 0.68 0.54 0.60 0 .79 0.64 
BSAACO 2 0.53 0.58 0.51 0.56 0 .64 0.56 
BSAACO 3 0.48 0.60 0.43 0.43 0 .68 0.52 
BSAACO 4 0.62 0.70 0.42 0.48 0 .62 0.57 
BSAA(SRCB)C1 1 0.45 0.59 0.52 0.46 0 .68 0.54 
BSAA(SRCB)C1 2 0.58 0.70 0.46 0.50 0 .61 0.57 
BSAA(SRCB)C1 3 0.60 0.54 0.51 0.75 0 .73 0.63 
BSAA(SRCB)C1 4 0.70 0.73 0.40 0.51 0 .68 0.60 
BSAA(SRCB)C2 1 0.53 0.55 0.23 0.35 0 .51 0.43 
BSAA(SRCB)C2 2 0.55 0.63 0.25 0.47 0 .50 0.48 
BSAA(SRCB)C2 3 0.44 0.62 0.37 0.26 0 .50 0.44 
BSAA(SRCB)C2 4 0.63 0.36 0.32 0.31 0 .55 0.43 
BSAA(SRCB)C3 1 0.23 0.48 0.08 0.26 0 .37 0.28 
BSAA(SRCB)C3 2 0.52 0.50 0.24 0.47 0 .39 0.42 
BSAA(SRCB)C3 3 0.54 0.41 0.08 0.28 0 .26 0.31 
BSAA{SRCB)C3 4 0.46 0.37 0.21 0.25 0 .46 0.35 
BSAA(SRCB)C4 1 0.51 0.47 0.15 0.22 0 .47 0.36 
BSAA(SRCB)C4 2 0.12 0.43 0.30 0.44 0 .49 0.36 
BSAA(SRCB)C4 3 0.48 0.58 0.10 0.15 0, ,45 0.35 
BSAA(SRCB)C4 4 0.64 0.41 0.18 0.46 0 ,65 0.47 
BSBBCO 1 0.41 0.65 0.65 0.67 0, ,59 0.59 
BSBBCO 2 0.52 0.63 0.53 0.69 0, ,66 0.60 
BSBBCO 3 0.52 0.66 0.43 0.62 0. 66 0.58 
BSBBCO 4 0.53 0.42 0.32 0.70 0, 58 0.51 
BSBB(SRCB)C1 1 0.57 0.63 0.36 0.44 0. 48 0.50 
BSBB(SRCB)C1 2 0.33 0.51 0.38 0.43 0. 48 0.42 
BSBB(SRCB)C1 3 0.48 0.70 0.29 0.48 0. 60 0.51 
BSBB(SRCB)C1 4 0.50 0.58 0.08 0.33 0. 51 0.40 
BSBB(SRCB)C2 1 0.27 0.60 0.16 0.38 0. 29 0.34 
BSBB(SRCB)C2 2 0.35 0.66 0.38 0.62 0. 29 0.46 
BSBB(SRCB)C2 3 0.40 0.24 0.16 0.39 0. 44 0.32 
BSBB(SRCB)C2 4 0.18 0.33 0.22 0.41 0. 44 0.32 
BSBB(SRCB)C3 1 0.38 0.69 0.19 0.36 0. 52 0.43 
BSBB(SRCB)iC3 2 0.57 0.82 0.36 0.44 0. 58 0.56 
BSBB(SRCB)C3 3 0.33 0.53 0.19 0.50 0. 60 0.43 
BSBB(SRCB)C3 4 0.38 0.69 0.11 0.48 0. 53 0.44 
BSBB(SRCB)C4 1 0.44 0.56 0.22 0.34 0. 61 0.43 
BSBB(SRCB)C4 2 0.37 0.49 0.42 0.53 0. 56 0.47 
BSBB(SRCB)C4 3 0.41 0.63 0.22 0.36 0. 36 0.40 
BSBB(SRCB)C4 4 0.53 0.57 0.16 0.49 0. 49 0.45 
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Table A12. Continued 
1984—--- 1985——— 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 0.27 0.63 0.60 0.60 0.69 0.56 
BSAACO x BSBBCO 2 0.58 0.60 0.51 0.67 0.73 0.62 
BSAACO X BSBBCO 3 0.43 0.58 0.46 0.62 0.62 0.54 
BSAACO X BSBBCO 4 0.61 0.50 0.34 0.63 0.69 0.55 
BSAA CI X BSBB CI 1 0.55 0.63 0.44 0.52 0.48 0.53 
BSAA CI X BSBB CI 2 0.48 0.59 0.25 0.60 0.60 0.50 
BSAA CI X BSBB CI 3 0.52 0.49 0.37 0.42 0.61 0.48 
BSAA CI X BSBB CI 4 0.60 0.51 0.08 0.54 0.65 0.48 
BSAA C2 X BSBB C2 1 0.44 0.36 0.34 0.52 0.51 0.43 
BSAA C2 X BSBB C2 2 0.35 0.36 0.40 0.64 0.61 0.47 
BSAA C2 X BSBB C2 3 0.38 0.55 0.30 0.40 0.70 0.46 
BSAA C2 X BSBB C2 4 0.55 0.43 0.25 0.50 0.57 0.46 
BSAA C3 X BSBB C3 1 0.24 0.22 0.30 0.42 0.43 0.32 
BSAA C3 X BSBB C3 2 0.30 0.60 0.15 0.44 0.47 0.39 
BSAA C3 X BSBB C3 3 0.41 0.27 0.16 0.08 0.43 0.27 
BSAA C3 X BSBB C3 4 0.31 0.56 0.14 0.20 0.54 0.35 
BSAA C4 X BSBB C4 1 0.48 0.62 0.11 0.37 0.56 0.43 
BSAA C4 X BSBB C4 2 0.43 0.13 0.37 0.47 0.43 0.37 
BSAA C4 X BSBB C4 3 0.46 0.45 0.32 0.29 0.46 0.40 
BSAA C4 X BSBB C4 4 0.42 0.39 0.08 0.42 0.57 0.38 
BSAACO X 0s420xl87--2 1 0.54 0.71 0.77 0.95 0.98 0.79 
BSAACO X 0s420xl87--2 2 0.70 0.82 0.75 1.13 0.90 0.86 
BSAACO X 08420x187--2 3 0.58 0.65 0.77 1.14 0.89 0.81 
BSAACO X 0s420xl87 -2 4 0.68 0.72 0.52 0.86 0.88 0.73 
BSAACl X 0s420xl87--2 1 0.66 0.71 0.70 0.94 0.77 0.76 
BSAACl X 08420x187 -2 2 0.45 0.67 0.65 0.81 1.00 0.72 
BSAACl X 08420x187--2 3 0.50 0.59 0.73 0.82 0.86 0.70 
BSAACl X 03420x187--2 4 0.68 1.04 0.71 0.92 0.98 0.87 
BSAAC2 X 08420x187--2 1 0.44 1.00 0.57 0.86 0.82 0.74 
BSAAC2 X 08420x187--2 2 0.61 0.86 0.57 0.60 0.97 0.72 
BSAAC2 X 08420x187--2 3 0.49 0.70 0.63 0.54 0.79 0.63 
BSAAC2 X 08420x187--2 4 0.72 0.49 0.66 0.87 0.76 0.70 
BSAAC3 X 08420x187--2 1 0.63 0.63 0.57 0.52 0.90 0.65 
BSAAC3 X 08420x187--2 2 0.51 0.68 0.51 0.78 0.82 0.66 
BSAAC3 x 08420x187-2 3 0.48 0.62 0.44 0.55 0.72 0.56 
BSAAC3 X 08420x187- 2 4 0.76 0.67 0.54 0.54 0.77 0.66 
BSAAC4 X 08420x187-2 1 0.73 0.63 0.61 0.55 0.79 0.66 
BSAAC4 X 08420x187--2 2 0.58 0.52 0.64 0.57 0.90 0.64 
BSAAC4 X 08420x187-2 3 0.65 0.52 0.43 0.60 0.73 0.59 
BSAAC4 X 08420x187-•2 4 0.75 0.59 0.32 0.78 0.94 0.68 
Table A12. Continued 
1984-— 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSBBCO X 08420x187-2 1 0.74 0.81 0.68 0.87 0.80 0.78 
BSBBCO X 08420x187-2 2 0.59 0.79 0.64 0.87 1.05 0.79 
BSBBCO X 08420x187-2 3 0.64 0.60 0.69 0.90 0.76 0.72 
BSBBCO X 08420x187-2 4 0.58 0.61 0.59 0.80 1.15 0.75 
BSBBCl X 08420x187-2 1 0.63 0.56 0.59 0.75 0.81 0.67 
BSBBCl X 03420x187-2 2 0.55 0.60 0.44 0.80 0.89 0.66 
BSBBCl X 08420x187-2 3 0.55 0.67 0.60 0.49 0.72 0.61 
BSBBCl X 08420x187-2 4 0.75 0.82 0.53 0.68 0.76 0.71 
BSBBC2 X 08420x187-2 1 0.68 0.83 0.57 0.72 0.70 0.70 
BSBBC2 X 08420x187-2 2 0.38 0.78 0.69 0.77 0.95 0.71 
BSBBC2 X 08420x187-2 3 0.55 0.65 0.67 0.74 0.78 0.68 
BSBBC2 X 03420x187-2 4 0.61 0.64 0.41 0.76 0.80 0.65 
BSBBC3 X 08420x187-2 1 0.39 0.77 0.56 0.66 0.75 0.63 
BSBBC3 X 03420x187-2 2 0.53 0.82 0.66 0.78 0.91 0.74 
BSBBC3 X 08420x187-2 3 0.53 0.37 0.57 0.71 0.86 0.61 
BSBBC3 X 08420x187-2 4 0.59 0.91 0.52 0.53 0.85 0.68 
BSBBC4 X 03420x187-2 1 0.58 0.53 0.60 0.73 0.79 0.65 
BSBBC4 X 03420x187-2 2 0.54 0.61 0.49 0.74 0.83 0.64 
BSBBC4 X 08420x187-2 3 0.40 0.59 0.46 0.67 0.81 0.59 
BSBBC4 x 08420x187-2 4 0.56 0.71 0.51 0.67 0.73 0.64 
B75 X CI31A 1 0.31 0.00 0.29 0.53 0.53 0.33 
B75 X CI31A 2 0.00 0.00 0.34 0.92 0.37 0.33 
B75 X CI31A 3 0.12 0.00 0.11 0.40 0.25 0.18 
B75 X CI31A 4 0.28 0.14 0.19 0.82 0.25 0.34 
B14A X C103 1 0.12 0.32 0.00 0.08 0.00 0.10 
B14A X C103 2 0.00 0.36 0.11 0.37 0.00 0.17 
B14A X C103 3 0.00 0.22 0.00 0.00 0.00 0.04 
B14A X C103 4 0.14 0.37 0.00 0.00 0.00 0.10 
03420 X 187-2 1 0.64 1.01 0.92 1.13 1.12 0.97 
03420 X 187-2 2 0.64 1.23 0.89 0.81 1.28 0.97 
0s420 X 187-2 3 0.72 0.46 0.77 1.05 1.23 0.85 
03420 X 187-2 4 0.88 0.95 0.76 0.94 1.01 0.91 
Mean 0.49 0.58 0.41 0.57 0.65 0.54 
LSD 5% treatment/entry 0,29 0.40 0.27 0.27 0.25 0.17 
LSD 535 entries/treatment 0.27 0.39 0.25 0.26 0.24 0.16 
C.V. (%) 35.0 34.3 37.4 28.5 23.0 30.4 
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Table Bl. Analyses of variance for Ist-generatlon ECB ratings, 
Olplodla stalk rot ratings (DSR) and rlnd punctures (RP) for 
100 Unes BSAACO and BSAA(SRCB)C4 combined over two 
years 
Mean squares 
Source d.f. ECB DSR RP 
Year 1 1.02 . 13 .34* 47.67 
Sets 4 7.91 24 .48** 23.57 
Year x Sets 4 3.08 0 .78 6.30** 
Rep/Sets x Year 20 2.78 2 .49 0.95 
Lines/Sets 195 5.20** 2. ,69** 3.92** 
Among CO lines/sets (CO) 95 6.71** 2 ,25** 2.22** 
Among C4 lines/sets (C4) 95 2.70** 2, 26** 2.92** 
CO vs C4 5 24.14** 19, ,24** 55.47** 
Lines/Sets x Year 195 1.28** 0. 58* 0.74** 
CO X Year 95 1.50** 0. 64* 0.68 
C4 X Year 95 1.01 0. 54 0.77** 
(CO vs C4) X Year 5 2.23* 0. 32 1.41* 
Error 780 0.94 0. 48 0.54 
CO Error 380 1.15 0. 57 0.47 
C4 Error 380 0.66 0. 39 0.60 
CO vs C4 Error 20 9.34 0. 61 0.55 
Total 1199 
C.V. 32.7 31. 3 12.6 
*,**Slgnlficant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table B2. Analyses of variance for Ist-generatlon ECB ratings, 
Dlplodla stalk rot ratings (DSR) and rind punctures (RP) for 
100 Sj lines BSBBCO and BSBB(SRCB)C4 combined over two 
years. 
Mean squares 
Source d.f. ECB DSR RP 
Year 1 254.84** 1.77 0.03 
Sets 4 4.65 1.60 17.56 
Year x Sets 4 8.06 3.53 5.73** 
Rep/Sets x Year 20 3.81 2.12 1.27 
Lines/Sets 195 21.75»» 3.62»» 5,64** 
Among CO lines/sets (CO) 95 13.95** 2.62»* 3.41#* 
Among 04 lines/sets (C4) 95 3.64»» 1.70** 2.90** 
CO vs C4 5 513.13** 58.03** 100.10** 
Lines/Sets x Year 195 2.21** 0.69** 0.64** 
CO X Year 95 2.62** 0.80*» 0.48 
C4 X Year 95 1.49 0.59* 0.77** 
(CO vs C4) X Year 5 7.90*» 0.61 1.28* 
Error 780 1.53 0.44 0.45 
CO Error 380 1.97 0.51 0.38 
C4 Error 380 1.11 0.37 0.58 
CO vs C4 Error 20 1.03 0.60 0.42 
Total 1199 
C.V. 25.5 26.6 11.3 
*,••Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table B3. Mean values for Ist-generatlon European corn borer 
ratings (ECB), Dlplodla stalk-rot ratings (DSR), and rind 
puncture readings (RP) for 100 SI lines of BSAACO and 100 
81 lines of BSAA(SRCB)C4 averaged over two environments 
Entry Set ECB DSR RP 
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Table B3. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSAAC0(S1 82-1904-021 2 2.50 1.90 4.88 
BSAAC0(S1 82-1904-022 2 3.33 1.97 6.33 
BSAAC0(S1 82-1904-023 2 2.67 2.97 4.97 
BSAAC0(S1 82-1904-024 2 3.17 3.27 5.08 
BSAAC0(S1 82-1904-025 2 2.50 2.23 5.13 
BSAAC0(S1 82-1904-026 2 2.17 2.27 5.41 
BSAAC0(S1 82-1904-027 2 4.83 2.77 4.51 
BSAACojsi 82-1904-028 2 3.00 1.30 5.00 
BSAAC0(S1 82-1904-029 2 2.67 1.83 4.87 
BSAAC0(S1 82-1904-030 2 2.50 1.37 4.93 
BSAAC0(S1 82-1904-031 2 2.50 3.30 5,41 
BSAAC0(S1 82-1904-032 2 3.00 3.10 5.35 
BSAAC0(S1 82-1904-033 2 3.00 2.00 4.69 
BSAAC0(S1 82-1904-034 2 4.83 3.13 5.42 
BSAAC0(S1 82-1904-035 2 3.83 4.37 5.44 
BSAAC0(S1 82-1904-036 2 3.33 1.90 5.95 
BSAAC0(S1 82-1904-037 2 3.17 1.73 5.16 
BSAAC0(S1 82-1904-038 2 2.17 1.60 6.03 
BSAAC0(S1 82-1904-039 2 2.00 1.77 5.37 
BSAAC0(S1 82-1904-040 2 2.33 3.07 5.30 
BSAAC4(S1 82-1905-021 2 3.33 2.63 5.72 
BSAAC4(S1 82-1905-022 2 2.67 1.30 5.25 
BSAAC4(S1 82-1905-023 2 2.00 3.53 4.94 
BSAAC4(S1 82-1905-024 2 4.17 2.12 5.70 
BSAAC4(S1 82-1905-025 2 4.17 2.23 5.27 
BSAAC4(S1 82-1905-026 2 2.33 1.68 5.58 
BSAAC4(S1 82-1905-027 2 2.33 1.23 5.58 
BSAAC4(S1 82-1905-028 2 2.00 1.77 6.24 
BSAAC4(S1 82-1905-029 2 2.00 2.87 6.58 
BSAAC4(S1 82-1905-030 2 3.50 1.53 4.98 
BSAAC4(S1 82-1905-031 2 2.67 1.17 6.24 
BSAAC4(S1 82-1905-032 2 3.83 1.93 5.89 
BSAAC4(S1 82-1905-033 2 2.17 2.43 6.09 
BSAAC4(S1 82-1905-034 2 2.00 1.62 7.36 
BSAAC4(S1 82-1905-035 2 3.33 4.93 5.00 
BSAAC4(S1 82-1905-036 2 3.00 2.13 6.80 
BSAAC4(S1 82-1905-037 2 2.50 1.85 5.89 
BSAAC4{S1 82-1905-038 2 2.50 2.83 5.11 
BSAAC4(S1 82-1905-039 2 2.00 1.27 5.02 
BSAAC4{S1 82-1905-040 2 2.50 1.40 5.56 
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Table B3. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSAAC0(S1 82-1904-041 3 3.17 2.70 5.04 
BSAAC0(S1 82-1904-042 3 2.50 1.93 5.52 
BSAAC0(S1 82-1904-043 3 4.50 1.83 4.68 
BSAAC0(S1 82-1904-044 3 3.17 2.30 4.47 
BSAAC0(S1 82-1904-045 3 2.33 2.10 5.35 
BSAAC0(S1 82-1904-046 3 2.17 2.10 4.50 
BSAAC0(S1 82-1904-047 3 4.00 3.13 4.08 
BSAAC0(S1 82-1904-048 3 2.33 1.80 4.69 
BSAAC0(S1 82-1904-049 3 4.17 2.10 5.10 
BSAAC0(S1 82-1904-050 3 3.00 1.97 6.62 
BSAAC0(S1 82-1904-051 3 3.00 2.37 5.92 
BSAACojsi 82-1904-052 3 2.33 2.23 6.19 
BSAAC0(S1 82-1904-053 3 2.50 2.83 5.63 
BSAAC0(S1 82-1904-054 3 2.00 2.00 4.61 
BSAAC0(S1 82-1904-055 3 2.67 1.80 5.40 
BSAAC0(S1 82-1904-056 3 3.17 3.13 5.22 
BSAAC0(S1 82-1904-057 3 2.67 3.37 5.29 
BSAAC0(S1 82-1904-058 3 2.83 3.23 5.28 
BSAAC0(S1 82-1904-059 3 2.50 2.97 5.36 
BSAAC0(S1 82-1904-060 3 2.17 2.27 5.81 
BSAAC4(S1 82-1905-041 3 3.33 2.30 7.24 
BSAAC4(S1 82-1905-042 3 2.50 1.43 6.62 
BSAAC4(S1 82-1905-043 3 2.17 1.53 5.85 
BSAAC4(S1 82-1905-044 3 2.33 1.23 6.24 
BSAAC4(S1 82-1905-045 3 2.00 1.77 6.16 
BSAAC4(S1 82-1905-046 3 2.17 1.23 5.86 
BSAAC4(S1 82-1905-047 3 2.00 1.80 6.88 
BSAAC4(S1 82-1905-048 3 2.33 3.47 6.23 
BSAAC4(S1 82-1905-049 3 3.17 2.00 6.61 
BSAAC4(S1 82-1905-050 3 2.17 2.37 5.56 
BSAAC4(S1 82-1905-051 3 4.17 1.50 5.37 
BSAAC4(S1 82-1905-052 3 2.33 1.37 6.52 
BSAAC4(S1 82-1905-053 3 2.17 1.47 5.95 
BSAAC4(S1 82-1905-054 3 2.67 1.40 6.58 
BSAAC4(S1 82-1905-055 3 2.67 1.67 6.07 
BSAAC4(S1 82-1905-056 3 2.17 1.57 5.82 
BSAAC4(S1 82-1905-057 3 3.17 1.83 6.45 
BSAAC4(S1 82-1905-058 3 2.17 2.20 7.56 
BSAAC4(S1 82-1905-059 3 2.50 1.40 7.52 
BSAAC4(S1 82-1905-060 3 2.17 2.20 7.36 
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Table B3. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSAAC0(S1 82-1904-061 4 2.17 2.93 5.49 
BSAAC0(S1 82-1904-062 4 3.83 2.00 5.46 
BSAAC0(S1 82-1904-063 4 5.50 3.03 5.44 
BSAAC0(S1 82-1904-064 4 2.50 1.60 7.53 
BSAAC0(S1 82-1904-065 4 2.17 2.43 5.11 
BSAAC0(S1 82-1904-066 4 3.17 2.77 4.35 
BSAAC0(S1 82-1904-067 4 4.00 3.20 4.80 
BSAAC0(S1 82-1904-068 4 3.67 2.30 5.15 
BSAAC0(S1 82-1904-069 4 3.83 2.17 5.81 
BSAAC0(S1 82-1904-070 4 2.00 2.50 5.78 
BSAAC0(S1 82-1904-071 4 2.17 2.27 5.71 
BSAAC0(S1 82-1904-072 4 2.67 2.67 5.41 
BSAAC0(S1 82-1904-073 4 4.00 1.77 6.89 
BSAAC0(S1 82-1904-074 4 3.00 1.57 5.08 
BSAAC0(S1 82-1904-075 4 2.33 1.37 6.27 
BSAAC0(S1 82-1904-076 4 3.17 3.00 6.16 
BSAAC0(S1 82-1904-077 4 3.17 1.60 5.84 
BSAAC0(S1 82-1904-078 4 2.50 2.20 5.52 
BSAAC0(S1 82-1904-079 4 3.33 2.60 6.07 
BSAAC0(S1 82-1904-080 4 4.33 2.40 5.60 
BSAAC4(S1 82-1905-061 4 2.83 1.63 5.44 
BSAAC4(S1 82-1905-062 4 3.83 1.83 5.87 
BSAAC4(S1 82-1905-063 4 3.00 1.57 5.56 
BSAAC4(S1 82-1905-064 4 3.50 1.83 6.38 
BSAAC4(S1 82-1905-065 4 2.83 1.57 7.88 
BSAAC4(S1 82-1905-066 4 2.83 1.53 7.76 
BSAAC4(S1 82-1905-067 4 2.50 1.33 7.50 
BSAAC4{S1 82-1905-068 4 3.00 1.67 5.37 
BSAAC4(S1 82-1905-069 4 3.00 1.27 6.87 
BSAAC4(S1 82-1905-070 4 3.33 3.10 6.35 
BSAAC4(S1 82-1905-071 4 3.00 1.67 5.92 
BSAAC4(S1 82-1905-072 4 2.83 2.13 5.43 
BSAAC4(S1 82-1905-073 4 3.00 1.30 5.93 
BSAAC4(S1 82-1905-074 4 2.17 1.97 6.43 
BSAAC4(S1 82-1905-075 4 2.00 1.53 6.68 
BSAAC4(S1 82-1905-076 4 2.67 1.50 7.47 
BSAAC4(S1 82-1905-077 4 3.17 1.77 6.43 
BSAAC4(S1 82-1905-078 4 3.00 1.33 6.20 
BSAAC4(S1 82-1905-079 4 4.33 1.43 7.03 
BSAAC4(S1 82-1905-080 4 2.17 2.57 7.08 
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Table B3. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSAAC0(S1 82-1904-081 5 5.83 2.27 4.97 
BSAAC0(S1 82-1904-082 5 2.17 2.73 5.86 
BSAAC0(S1 82-1904-083 5 3.50 2.20 5.23 
BSAAC0(S1 82-1904-084 5 3.17 2.93 4.15 
BSAAC0(S1 82-1904-085 5 3.33 1.90 5.53 
BSAAC0(S1 82-1904-086 5 2.00 1.73 5.62 
BSAAC0(S1 82-1904-087 5 2.17 1.77 5.93 
BSAAC0(S1 82-1904-088 5 2.83 1.67 4.93 
BSAAC0(S1 82-1904-089 5 7.17 2.33 5.23 
BSAAC0(S1 82-1904-090 5 5.83 1.87 7.33 
BSAAC0(S1 82-1904-091 5 3.83 2.57 5.83 
BSAAC0(S1 82-1904-092 5 2.67 2.27 6.40 
BSAAC0(S1 82-1904-093 5 2.50 1.67 6.05 
BSAAC0(S1 82-1904-094 5 2.67 2.83 5.22 
BSAAC0(S1 82-1904-095 5 2.17 2.40 5.66 
BSAAC0(S1 82-1904-096 5 3.17 1.87 5.77 
BSAAC0(S1 82-1904-097 5 5.67 3.30 5.50 
BSAAC0(S1 82-1904-098 5 4.33 2.73 6.52 
BSAAC0(S1 82-1904-099 5 3.67 2.23 5.59 
BSAAC0(S1 82-1904-100 5 4.33 2.67 5.07 
BSAAC4(S1 82-1905-081 5 2.83 2.67 6.37 
BSAAC4(S1 82-1905-082 5 3.33 2.30 5.57 
BSAAC4(S1 82-1905-083 5 2.00 1.33 5.78 
BSAAC4(S1 82-1905-084 5 3.17 1.63 6.06 
BSAAC4(S1 82-1905-085 5 2.33 1.67 7.02 
BSAAC4(S1 82-1905-086 5 2.17 1.43 6.24 
BSAAC4(S1 82-1905-087 5 4.83 1.27 7.35 
BSAAC4(S1 82-1905-088 5 2.00 1.33 6.89 
BSAAC4(S1 82-1905-089 5 2.67 1.33 6.48 
BSAAC4(S1 82-1905-090 5 2.17 1.67 5.78 
BSAAC4(S1 82-1905-091 5 2.17 1.30 7,48 
BSAAC4(S1 82-1905-092 5 2.67 2.43 7.57 
BSAAC4(S1 82-1905-093 5 2.17 1.70 7.06 
BSAAC4{S1 82-1905-094 5 3.33 1.70 7.20 
BSAAC4(S1 82-1905-095 5 2.17 1.73 6.86 
BSAAC4(S1 82-1905-096 5 3.33 1.57 7.46 
BSAAC4(S1 82-1905-097 5 2.00 1,33 4.98 
BSAAC4(S1 82-1905-098 5 2.50 1.50 6.66 
BSAAC4(S1 82-1905-099 5 2.00 1.33 7.99 
BSAAC4(S1 82-1905-100 5 2.33 2.50 6.23 
CO Mean 3.23 2.50 5.34 
C4 Mean 2.69 1.95 6.26 
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Table B4. Mean values for ist-generatlon European corn borer 
ratings (ECB), Dlplodla stalk-rot ratings (DSR), and rind 
puncture readings (RP) for 100 Si lines of BSBBCO and 100 
SI lines of BSBB(SRCB)C4 averaged over two environments 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSBBCO(Si 83-1915-001 1 6.17 2.40 6.43 
BSBBCO(SI 83-1915-002 1 4.83 3.43 5.38 
BSBBCO(Si 83-1915-003 1 6.83 3.70 6.12 
BSBBCO(Si 83-1915-004 1 6.00 3.00 6.09 
BSBBCO(SI 83-1915-005 1 6,67 2.57 5.95 
BSBBCO(SI 83-1915-006 1 3.67 3.70 3.82 
BSBBCojsi 83-1915-007 1 7.67 2.37 5.09 
BSBBCO(SI 83-1915-008 1 7.17 3.33 6.37 
BSBBCO(SI 83-1915-009 1 8.33 2.37 4.61 
BSBBCO(Si 83-1915-010 1 7.33 2.87 5.37 
BSBBCO(SI 83-1915-011 1 8.00 3.30 4.90 
BSBBCO(SI 83-1915-012 1 4.67 2.60 7.17 
BSBBCO(SI 83-1915-013 1 5.00 2.93 6.24 
BSBBCO(SI 83-1915-014 1 6.00 3.10 5.18 
BSBBCO(SI 83-1915-015 1 9.00 3.73 5.03 
BSBBCO(SI 83-1915-016 1 5.33 1.83 5.54 
BSBBCO(SI 83-1915-017 1 7.83 4.03 5.27 
BSBBCO(SI 83-1915-018 1 8.17 2.57 6.04 
BSBBCO(SI 83-1915-019 1 4.67 2.40 4.73 
BSBBCO(SI 83-1915-020 1 4.67 3.40 4.69 
BSBBC4(S1 83-1916-001 1 2.67 2.50 5.76 
BSBBC4(S1 83-1916-002 1 2.17 2.40 5.90 
BSBBC4(S1 83-1916-003 1 4.67 2.00 6.49 
BSBBC4(S1 83-1916-004 1 3.83 2.27 6.19 
BSBBC4(S1 83-1916-005 1 3.33 1.97 8.19 
BSBBC4(S1 83-1916-006 1 3.00 1.60 6.40 
BSBBC4(S1 83-1916-007 1 4.33 1.93 6.86 
BSBBC4(S1 83-1916-008 1 4.00 2.17 7.37 
BSBBC4(S1 83-1916-009 1 3.50 1,63 7.20 
BSBBC4(S1 83-1916-010 1 4.50 1.63 6.62 
BSBBC4(S1 83-1916-011 1 4.00 3.00 6.52 
BSBBC4(S1 83-1916-012 1 2.67 2.07 7.08 
BSBBC4(S1 83-1916-013 1 2.50 2.00 6.67 
BSBBC4(S1 83-1916-014 1 3.17 2.33 6.21 
BSBBC4(S1 83-1916-015 1 3.50 1.93 6.07 
BSBBC4(S1 83-1916-016 1 4.67 1.93 6.68 
BSBBC4(S1 83-1916-017 1 2.17 2.80 6.24 
BSBBC4(S1 83-1916-018 1 4.00 1.27 7.01 
BSBBC4(S1 83-1916-019 1 3.00 1.47 6.86 
BSBBC4(S1 83-1916-020 1 2.50 3.32 7.33 
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Table B4. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSBBCO(Sl) 83 -1915 -021 2 5.17 3.87 5.22 
BSBBC0(S1 83 -1915 -022 2 7.83 3.10 5.44 
BSBBC0(S1 83 -1915 -023 2 7.50 2.37 4.74 
BSBBC0(S1 83 -1915 -024 2 6.17 3.27 4.57 
BSBBC0(S1 83 -1915 -025 2 5.33 2.43 5.11 
BSBBC0(S1 83 -1915 -026 2 8.67 2.93 4,83 
BSBBC0(S1 83 -1915 -027 2 2.67 2.23 4.54 
BSBBC0(S1 83 -1915 -028 2 5,83 3.53 4.57 
BSBBC0(S1 83 -1915 -029 2 5.33 3.33 5.30 
BSBBCojsi 83 -1915 -030 2 8.67 2.42 4.78 
BSBBC0(S1 83 -1915 -031 2 5.67 3.57 4.60 
BSBBC0(S1 83 -1915 -032 2 4.00 3.10 4.42 
BSBBC0(S1 83 -1915 -033 2 4.33 3.47 4.63 
BSBBC0(S1 83 -1915 -034 2 7.17 3.60 4.57 
BSBBC0(S1 83--1915 -035 2 8.17 3.47 4.91 
BSBBC0{S1 83--1915 -036 2 4.33 2.13 4.73 
BSBBC0(S1 83--1915--037 2 7.67 3.33 4.85 
BSBBC0(S1 83--1915 038 2 5.17 3.07 5.10 
BSBBC0(S1 83--1915--039 2 5.67 2,70 5,93 
BSBBC0(S1 83--1915--040 2 7.00 4.30 5.25 
BSBBC4(S1 83--1916--021 2 3.00 2.20 5.57 
BSBBC4(S1 83--1916--022 2 3.17 1.93 6.06 
BSBBC4(S1 83-1916--023 2 3.83 2.03 6.33 
BSBBC4(S1 83-1916--024 2 3.67 2.07 6.00 
BSBBC4(S1 83-1916-•025 2 4.83 2.23 5.71 
BSBBC4(S1 83-1916-026 2 2.50 1.43 6.67 
BSBBC4(S1 83-1916-•027 2 3.00 1.67 7.42 
BSBBC4(S1 83-1916-028 2 4.17 1.87 6.34 
BSBBC4(S1 83-1916-029 2 3.00 1.87 6.07 
BSBBC4(S1 83-1916-030 2 2.17 1.67 7.82 
BSBBC4(S1 83-1916-031 2 2.00 1.73 4.88 
BSBBC4(S1 83-1916-032 2 2.67 1.50 6.83 
BSBBC4(S1 83-1916-033 2 3.67 2.40 6.49 
BSBBC4(S1 83-1916-034 2 2,83 2.10 5.52 
BSBBC4(S1 83-1916-035 2 2.00 1.97 6.18 
BSBBC4(S1 83-1916-036 2 3.33 1.75 6.73 
BSBBC4(S1 83-1916-037 2 2.67 1.73 6.00 
BSBBC4(S1 83-1916-038 2 3.67 2.37 6.21 
BSBBC4(S1 83-1916-039 2 3.50 2.27 6.48 
BSBBC4(S1 83-1916-040 2 2.83 2.30 5.04 
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Table B4. Continued 
Entry Set ECB OSR RP 
(1-9) (1-6) kg 
BSBBC0(S1 83-1915-041 3 6.50 3.67 5.08 
BSBBC0(S1 83-1915-042 3 4.83 3.90 6,31 
BSBBC0(S1 83-1915-043 3 4.33 3.00 4.11 
BSBBC0(S1 83-1915-044 3 5.83 1.83 7.03 
BSBBC0(S1 83-1915-045 3 7.83 3.07 4.84 
BSBBC0(S1 83-1915-046 3 6.00 2.50 6.00 
BSBBC0(S1 83-1915-047 3 6.50 2.73 6.36 
BSBBC0(S1 83-1915-048 3 8.50 3.33 4.78 
BSBBC0(S1 83-1915-049 3 7.00 2.60 4.64 
BSBBCojsi 83-1915-050 3 5.67 3.40 6.53 
BSBBC0(S1 83-1915-051 3 5.33 2.47 5.98 
BSBBC0(S1 83-1915-052 3 9.00 4.23 4.77 
BSBBC0(S1 83-1915-053 3 6.50 2.83 5.13 
BSBBC0(S1 83-1915-054 3 6.00 3.50 6.28 
BSBBC0(S1 83-1915-055 3 6.83 3.90 6.74 
BSBBC0(S1 83-1915-056 3 4.67 2.57 4.82 
BSBBC0(S1 83-1915-057 3 8.33 2.60 4.20 
BSBBCojsi 83-1915-058 3 7.83 2.43 7,43 
BSBBC0(S1 83-1915-059 3 5.33 1.80 4.64 
BSBBC0(S1 83-1915-060 3 5.33 2.50 4.69 
BSBBC4(S1 83-1916-041 3 3.17 1.53 6.86 
BSBBC4(S1 83-1916-042 3 4.00 1.97 7.73 
BSBBC4(S1 83-1916-043 3 3.50 3.13 5.66 
BSBBC4(S1 83-1916-044 3 3.67 2.20 6,82 
BSBBC4(S1 83-1916-045 3 3.17 2.00 5.64 
BSBBC4(S1 83-1916-046 3 2.17 1.57 6.20 
BSBBC4(S1 83-1916-047 3 3.00 2.53 5.78 
BSBBC4(S1 83-1916-048 3 2.67 1.43 6.91 
BSBBC4(S1 83-1916-049 3 2.83 2.13 7.27 
BSBBC4(S1 83-1916-050 3 3.17 1.93 8.42 
BSBBC4(S1 83-1916-051 3 4.67 2.00 5.96 
BSBBC4(S1 83-1916-052 3 2.17 1,57 7.19 
BSBBC4(S1 83-1916-053 3 3.00 1.33 7.06 
BSBBC4(S1 83-1916-054 3 2.33 4.03 7.86 
BSBBC4(S1 83-1916-055 3 3.00 1.60 7.01 
BSBBC4(S1 83-1916-056 3 3.67 2.53 5.81 
BSBBC4(S1 83-1916-057 3 4.67 1.68 7.39 
BSBBC4(S1 83-1916-058 3 3.50 2.57 8,25 
BSBBC4(S1 83-1916-059 3 4.50 1.37 6.38 
BSBBC4(S1 83-1916-060 3 3.33 2,27 5.69 
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Table B4. Continued 
Entry Set ECB DSR RP 
(1-9) (1-6) kg 
BSBBCO(Sl) 83-1915-061 4 5.33 3.20 5.90 
BSBBCO(Sl) 83-1915-062 4 3.33 3.87 5.66 
BSBBCO(Sl) 83-1915-063 4 6.00 2.60 5.25 
BSBBCO(Sl) 83-1915-064 4 6.00 4.27 4.68 
BSBBCO(Sl) 83-1915-065 4 7.50 2.63 6.02 
BSBBCO(Sl) 83-1915-066 4 4.83 3.05 4.70 
BSBBCO(Sl) 83-1915-067 4 5.67 2.73 4.70 
BSBBCO(Sl) 83-1915-068 4 5.17 2.27 4.94 
BSBBCO(Sl) 83-1915-069 4 7.50 3.43 5.69 
BSBBCO(Sl) 83-1915-070 4 7.17 2.73 5.47 
BSBBCO(Sl) 83-1915-071 4 5.50 2.18 5.92 
BSBBCO(Sl) 83-1915-072 4 4.50 2.70 4.95 
BSBBCO(Sl) 83-1915-073 4 6.83 4.03 6.68 
BSBBCO(Sl) 83-1915-074 4 8.33 2.22 6.18 
BSBBCO(Sl) 83-1915-075 4 8.67 2.83 5.11 
BSBBCO(Sl) 83-1915-076 4 3.17 2.77 6.71 
BSBBCO(Sl) 83-1915-077 4 6.83 2.43 6.17 
BSBBCO(Sl) 83-1915-078 4 5.67 2.40 4.76 
BSBBCO(Sl) 83-1915-079 4 7.00 2.93 5.75 
BSBBCO(Sl) 83-1915-080 4 8.33 2.60 4.99 
BSBBC4(S1) 83-1916-061 4 4.83 1.43 7.85 
BSBBC4(S1) 83-1916-062 4 4.00 2.23 6.05 
BSBBC4(S1) 83-1916-063 4 3.33 1.83 6.61 
BSBBC4(S1) 83-1916-064 4 2.83 2.13 7.27 
BSBBC4(S1) 83-1916-065 4 3.33 1.80 7.66 
BSBBC4(S1) 83-1916-066 4 5.00 2.17 6.36 
BSBBC4(S1) 83-1916-067 4 2.67 2.20 6.32 
BSBBC4{S1) 83-1916-068 4 3.00 2.03 8.10 
BSBBC4(S1) 83-1916-069 4 2,83 1.60 6.87 
BSBBC4(S1) 83-1916-070 4 2.83 1.70 7.01 
BSBBC4(S1) 83-1916-071 4 4.17 1.52 6.57 
BSBBC4(S1) 83-1916-072 4 3.83 1.60 6.56 
BSBBC4(S1) 83-1916-073 4 2.33 1.70 6.33 
BSBBC4(S1) 83-1916-074 4 5.17 1.43 6.24 
BSBBC4(S1) 83-1916-075 4 3.83 1.60 7.33 
BSBBC4(S1) 83-1916-076 4 4.83 2.10 7.01 
BSBBC4(S1) 83-1916-077 4 4.00 2.30 7.33 
BSBBC4(S1) 83-1916-078 4 3.83 2.33 6.48 
BSBBC4(S1) 83-1916-079 4 5.00 2.10 7.90 
BSBBC4{S1) 83-1916-080 4 4.17 2.50 6.70 
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Table B4. Continued 
Entry Set ECB DSR RP 
(1 -9) (1 -6) kg 
BSBBCO(Sl) 83 -1915 -081 5 5 .50 2 .77 4.56 
BSBBCO(Sl) 83 -1915 -082 5 8 .50 2 .43 5.90 
BSBBCO(Sl) 83 -1915 -083 5 6 .33 2 .83 4.20 
BSBBCO(Sl) 83 -1915 -084 5 4 .33 3 .10 4.35 
BSBBCO(Sl) 83 -1915 -085 5 8 .17 2 .20 4.43 
BSBBCO(Sl) 83 -1915 -086 5 8 .67 3 .23 4.44 
BSBBCO(Sl) 83 -1915 -087 5 5 .50 2 47 5.16 
BSBBCO(Sl) 83 -1915 -088 5 5 .00 2 .03 5.43 
BSBBCO(Sl) 83 -1915 -089 5 7 .17 2 03 6.09 
BSBBCO(Sl) 83 -1915 -090 5 7 .17 2 80 5.65 
BSBBCO(Sl) 83 -1915 -091 5 7 .50 3 90 5.56 
BSBBCO(Sl) 83 -1915 -092 5 4 .33 3 17 4.00 
BSBBCO(Sl) 83 -1915 -093 5 5 .83 2 03 5.93 
BSBBCO(Sl) 83 -1915 -094 5 8 .17 3 97 5.00 
BSBBCO(Sl) 83--1915--095 5 3 .50 2. 47 6.49 
BSBBCO(Sl) 83 -1915 -096 5 5 .17 1 93 6.12 
BSBBCO(Sl) 83--1915 -097 5 6 83 4. 37 4.56 
BSBBCO(Sl) 83--1915 -098 5 6 33 4. 52 4.42 
BSBBCO(Sl) 83--1915--099 5 7 67 2. 23 5.94 
BSBBCO(Sl) 83 -1915--100 5 7 83 2. 87 6.19 
BSBBC4(S1) 83--1916--081 5 4 17 1. 53 7.03 
BSBBC4(S1) 83--1916-082 5 4 00 1. 33 7.68 
BSBBC4(S1) 83-1916--083 5 4 00 2. 97 6.04 
BSBBC4(S1) 83--1916--084 5 3. 50 2. 07 7.17 
BSBBC4(S1) 83-1916-085 5 3. 33 1. 37 6.10 
BSBBC4(S1) 83-1916--086 5 4. 17 1. 18 6.35 
BSBBC4(S1) 83-1916-•087 5 2. 33 1. 22 6.43 
BSBBC4(S1) 83-1916-088 5 2. 17 2. 93 6.00 
BSBBC4(S1) 83-1916-089 5 3. 33 1. 67 6.59 
BSBBC4{S1) 83-1916-•090 5 5. 00 2. 13 6.97 
BSBBC4(S1) 83-1916-091 5 4. 33 1. 83 5.47 
BSBBC4(S1) 83-1916-092 5 3. 00 2. 17 7.11 
BSBBC4(S1) 83-1916-093 5 2. 67 1. 60 5.94 
BSBBC4(S1) 83-1916-094 5 3. 33 1. 23 6.01 
BSBBC4(S1) 83-1916-095 5 2. 83 1. 73 6.27 
BSBBC4(S1) 83-1916-096 5 3. 33 1. 73 6.74 
BSBBC4(S1) 83-1916-097 5 3. 17 1. 07 7.65 
BSBBC4(S1) 83-1916-098 5 3. 33 1. 73 6.86 
BSBBC4(S1) 83-1916-099 5 2. 83 3. 87 5.39 
BSBBC4(S1) 83-1916-100 5 2. 67 1. 80 5.82 
CO Mean 6. 31 2. 96 5.33 
C4 Mean 3. 40 1. 98 6.62 
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APPENDIX C. SECTION III TABLES 
Treatment designations (Trt), when used, are as follows: 1 = 
control, 2 = D. maydls inoculations, 3 = first-generation European corn 
borer infestations, and 4 = combination of Trts 2 and 3. 
240 
Table Cl. Analysis of variance for pollen date of BSAA and BSBB 
populations per se, population crosses, testcrosses, and 
three single-cross checks evaluated in three replications in 
three environments (Ames 1984, 1985, and 1986) 
Mean squares 
Source of Variation d.f. Gen. Gen x Env 
(d.f. X 2) 
Environments (Env) 2 3119.60** 
ReplIcatlons/Env 4 . 4.19* 
Genotypes (Gen) 27 20.41** 1.41 
Populations 24 17.84** 1.45 
BSAA cycles 4 17.14** 1.72 
linear 1 57.60** 4.90* 
quadratic 1 7.14* 1.87 
cubic 1 0.90 0.10 
residual 1 2.93 0.02 
BSBB cycles 4 5.02* 0.67 
linear 1 0.17 1.54 
quadratic 1 16.76** 0.05 
cubic 1 0.04 1.00 
residual 1 3.10 0.07 
BSAA X BSBB cycles 4 20.72** 0.73 
linear 1 6.40* 0.63 
quadratic 1 67.05** 0.24 
cubic 1 3.60 0.53 
residual 1 5.83* 1.55 
BSAA testcross cycles 4 5.64** 2.04 
linear 1 12.10** 1.88 
quadratic 1 2.85 3.40 
cubic 1 7.48* 1.88 
residual 1 0.14 1.00 
BSBB testcross cycles 4 7.64** 1.21 
linear 1 6.41* 1.62 
quadratic 1 18.30** 1.44 
cubic 1 5.37 0.80 
residual 1 0.48 0.97 
Among groups 4 50.88** 2.32 
heterosis contrast 1 2.90 0.58 
Checks 2 24.48** 0.87 
Populations vs checks 1 74.04** 1.55 
Error 162 1.48 
Total 251 
C.V. (%) 7.4 
*,**Slgnlfleant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table C2. Analysis of variance for silk date of BSAA and BSBB 
populations per se, population crosses, testcrosses, and 
three single-cross checks evaluated in three replications in 
three environments (Ames 1984, 1985, and 1986) 
Mean squares 
Source of Variation d.f. Gen. Gen X El 
(d.f. X 
Environments (Env) 2 3006.73** 
Replications/Env 4 2.40 
Genotypes (Gen) 27 11.29** 1.40 
Populations 24 11.36** 1.29 
BSAA cycles 4 2.47 0.97 
linear 1 4.92* 0.92 
quadratic 1 2.28 1.36 
cubic 1 0.54 0.84 
residual 1 2.14 0.77 
BSBB cycles 4 16.24** 1.46 
linear 1 0.09 1.42 
quadratic 1 62.70 3.19 
cubic 1 0.17 1.01 
residual 1 1.99 0.20 
BSAA X BSBB cycles 4 15.25** 1.85 
linear 1 0.90 0.83 
quadratic 1 60.01** 4.79 
cubic 1 0.04 1.10 
residual 1 0.05 0.68 
BSAA testcross cycles 4 1.74 1.74 
linear 1 0.04 3.09 
quadratic 1 1.56 1.05 
cubic 1 0.39 2.70 
residual 1 4.97 0.13 
BSBB testcross cycles 4 6.25** 1.08 
linear 1 6.41* 0.83 
quadratic 1 16.74** 1.37 
cubic 1 1.58 0.83 
residual 1 0.28 1.30 
Among groups 4 26.19** 0.62 
heterosis contrast 1 10.82** 0.01 
Checks 2 14.92** 0.37 
Populations vs checks 1 2.35 6.18** 
Error 162 1.12 
Total 251 
C.V. (%) 5.6 
*,**Signifleant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table C3. Analysis of variance of unweighted means for plant height of 
BSAA and BSBB populations per se, population crosses, 
testcrosses, and three single-cross chcks evaluated in three 
replications in four environments (Ames, 1984, 1985, 1986; 
Ankeny, 1985) and two replications in one environment 
(Ankeny, 1984) 
Mean squares 
Source of Variation d.f. Gen. Gen X Env 
(d.f. X 4) 
Environments (Env) 4 34006.6 
Replicatlons/Env 9 4975.2 
Genotypes (Gen) 27 1075.9** 115.4 
Populations 24 985.0** 119.6 
BSAA cycles 4 1260.9** 75.1 
linear 1 4159.2** 124.2 
quadratic 1 629.0* 55.8 
cubic 1 121.3 112.0 
residual 1 134.2 8.5 
BSBB cycles 4 572.4** 161.4* 
linear 1 808.1** 29.9 
quadratic 1 1457.5** 252.1* 
cubic 1 2.4 212.2 
residual 1 21.69 151.6 
BSAA X BSBB cycles 4 547.8** 62.8 
linear 1 118.9 76.3 
quadratic 1 1898.4** 96.4 
cubic 1 83.1 7.4 
residual 1 90.7 71.0 
BSAA testcross cycles 4 170.7 95.5 
linear 1 582.8* 32.2 
quadratic 1 16.1 86.4 
cubic 1 9.6 55.2 
residual 1 74.4 208.4 
BSBB testcross cycles 4 639.8** 158.6 
linear 1 386.9* 145.8 
quadratic 1 992.1** 311.0* 
cubic 1 1057.0** 133.1 
residual 1 123.0 44.3 
Among groups 4 2718.2** 164.4* 
heterosis contrast 1 1004.0** 117.0 
Checks 2 191.1 16.8 
Populations vs checks 1 5028.0** 211.5 
Error 243 94.0 
Total 391 
C.V. (%) 4.6 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 04. Analysis of variance of unweighted means of ear height of 
BSAA and BSBB populations per se, population crosses, 
testcrosses, and three single-cross checks evaluated in 
three replications in four environments (Ames 1984, 1985, 
1986; Ankeny 1985) and two replications in one environment 
(Ankeny 1984) 
Mean squares 
Source of Variation d.f. Gen. Gen X Env 
(d.f. X 4) 
Environments (Env) 4 3857.2** 
Repllcatlons/Env 9 136.0* 
Genotypes (Gen) 27 656.6** 66.1 
Populations 24 596.6** 70.7 
BSAA cycles 4 679.8** 66.6 
linear 1 2328,4** 54.2 
quadratic 1 294.3* 15.0 
cubic 1 56.0 150.0 
residual 1 40.4 47.3 
BSBB cycles 4 334.9** 75.9 
linear 1 77.4 23.6 
quadratic 1 1203.6** 50.8 
cubic 1 56.5 113.6 
residual 1 2.31 115.7 
BSAA X BSBB cycles 4 466,3** 35.5 
linear 1 253.6 22.7 
quadratic 1 1460.2** 37.6 
cubic 1 37.8 30.9 
residual 1 113.5 51.1 
BSAA testcross cycles 4 316.6** 72.0 
linear 1 1250.3** 113.7 
quadratic 1 0.9 35.7 
cubic 1 5.6 59.7 
residual 1 9.6 79.1 
BSBB testcross cycles 4 664.9** 120.5* 
linear 1 1114.1** 157.8 
quadratic 1 431.2* 16.5 
cubic 1 1111.0** 115.1 
residual 1 3.2 192.6* 
Among groups 4 1117.0** 53.8 
heterosis contrast 1 522.1** 105.1 
Checks 2 1122.4** 29.8 
Populations vs checks 1 1165.9** 27.6 
Error 243 66.7 
Total 391 
C.V. (%) 8.2 
*,**Signifleant at the 0.05 and 0.01 probability levels, 
respectively. 
Table C5. Analysis of variance of unweighted means for ears per plant of BSÂA and BSB6 
populations per se. population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames, 1984, 
1985, and 1986; and Ankeny 1985) and two replications In one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X Trt x Env 
(d.f. X 12) 
Environments (Env) 4 0.4920** 
Replicatlons/Env 9 0.0125 
Treatments (Trt) 3 0.0269 
Trt X Env 12 0.0191** 
Error (a) 27 0.0065 
Genotypes (Gen) 27 0.0334** 0.0101** 0.0064 0.0067 
Populations 24 0.0319** 0.0094* 0.0063 0.0063 
BSAA cycles 4 0.0382** 0.0068 0.0038 0.0065 
linear 1 0.0799** 0.0053 0.0014 0.0046 
quadratic 1 0.0382 0.0089 0.0031 0.0035 
cubic 1 0.0245 0.0054 0.0071 0.0074 
residual 1 0.0103 0,0077 0.0036 0.0105 
BSBB cycles 4 0.0235 0.0113 0.0030 0.0090 
linear 1 0.0866** 0.0104 0.0067 0.0068 
quadratic 1 0.0047 0.0041 0.0004 0.0131* 
cubic 1 0.0001 0,0229* 0.0016 0.0085 
residual 1 0.0027 0,0078 0.0033 0.0077 
BSAA X BSBB cycles 4 0.0321* 0.0077 0.0122* 0.0045 
linear 1 0.1024** 0.0069 0.0061 0.0067 
quadratic 1 0.0028 0.0006 0.0166 0.0032 
cubic 1 0.0000 0.0024 0.0155 0.0057 
residual 1 0.0230 0.0208* 0.0106 0.0022 
BSAA testcross cycles 4 0.0187 0.0044 0.0026 0.0047 
linear 1 0.0271 0.0008 0.0035 0.0040 
quadratic 1 0.0051 0.0053 0.0027 0.0056 
cubic 1 0.0427* 0.0058 0.0016 0.0040 
residual 1 0.0000 0.0059 0.0024 0.0053 
BSBB testcross cycles 4 0.0086 0.0173** 0.0069 0.0061 
linear 1 0.0267 0.0133 0.0124 0.0068 
quadratic 1 0.0000 0.0137 0.0044 0.0048 
cubic 1 0.0076 0.0201* 0.0029 0.0079 
residual 1 0.0001 0.0222* 0.0079 0.0047 
Among groups 4 0.0705** 0.0091 0.0090 0.0069 
heterosis contrast 1 0.0699** 0.0161 0.0017 0.0087 
Checks 2 0.0498** 0.0177** 0.0091 0.0122* 
Populations vs Checks 1 0.0361 0.0107 0.0040 0.0054 
Error (b) 972 0.0069 
Total 1567 
C.V. (%) 8.7 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table C6. Analysis of variance of unweighted means for ears length of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames, 1984, 
1985, and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X 
(d 
Trt X Env 
f. X 12) 
Environments (Env) 4 837.45** 
Replications/Env 9 11.28*» 
Treatments (Trt) 3 23.10 
Trt X Env 12 12.69*» 
Error (a) 27 3.76 
Genotypes (Gen) 27 70.83** 5.25** 2.61 2.69 
Populations 24 67,74** 4.74** 2.25 2.65 
BSAA cycles 4 84.88»» 3.65 2.04 2.91 
linear 1 281.94»» 4.33 0.75 2.37 
quadratic 1 39.66»» 4.36 2.86 2.19 
cubic 1 13.15 3.47 2.90 3.32 
residual 1 4.78 2.45 1.64 3.75 
BSBB cycles 4 42.66*» 4.89» 2.39 2.63 
linear 1 143.94*» 5.19 4.19 1.51 
quadratic 1 5.71 5.12 0.45 5.11» 
cubic 1 20.94 6.31 0.53 2.39 
residual 1 0.07 2.93 4.38 1.53 
BSAA X BSBB cycles 4 31.90»» 3.97 2.84 1.98 
linear 1 105.27»» 6.70 2.56 2.39 
quadratic 1 15.08 1.36 3.55 2.06 
cubic 1 7.25 1.25 1.94 2.16 
residual 1 0.01 6.57 3.32 1.32 
BSAA testcross cycles 4 16.67» 2.87 1.10 2.37 
linear 1 36.25»* 1.59 0.28 1.78 
quadratic 1 0.86 6.51 0.93 3.03 
cubic 1 27.49* 0,74 1.04 3.03 
residual 1 2.10 2.63 2.16 1.65 
BSBB testcross cycles 4 7.14 6.13** 2.90 2.71 
linear 1 12.63 5.37 7.63* 3.46 
quadratic 1 1.85 7.75* 1.90 3.05 
cubic 1 1.43 7.65* 0.05 2.36 
residual 1 12.63 3.75 2.02 1.95 
Among groups 4 223.19** 6.90** 2.26 3.31 
heterosis contrast 1 124.35** 2.40 0.57 2.39 
Checks 2 21.67* 10.55** 4.98 3.88 
Populations vs Checks 1 243.18** 7.02* 6.43 1.17 
Error (b) 972 2.86 
Total 1567 
C.V. (%) 10.8 
*,**Signifleant at the 0.05 and 0.01 probability levels, respectively. 
Table C7. Analysis of variance of unweighted means for ear diameter of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames, 1984, 
1985, and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X Trt x En 
(d.f. X 12) 
Environments (Env) 4 5.509** 
Replications/Env 9 0.171** 
Treatments (Trt) 3 0.349* 
Trt X Env 12 0.089 
Error (a) 27 0.115 
Genotypes (Gen) 27 0.569** 0.041 0.034 0.034 
Populations 24 0.568** 0.031 0.034 0.032 
BSAA cycles 4 0.058 0.040 0.038 0.036 
linear 1 0.045 0.024 0.026 0.031 
quadratic 1 0.064 0.022 0.024 0.051 
cubic 1 0.085 0.045 0.030 0.025 
residual 1 0.039 0.070 0.074* 0.039 
BSBB cycles 4 0.557** 0.025 0.015 0.031 
linear 1 1.049** 0.052 0.011 0.027 
quadratic 1 0.889** 0.025 0.007 0.040 
cubic 1 0.290** 0.017 0.018 0.019 
residual 1 0.000 0.006 0.024 0.039 
BSAA X BSBB cycles 4 0.178** 0.025 0.024 0.031 
linear 1 0.280** 0.001 0.020 0.034 
quadratic 1 0.388** 0.022 0.032 0.022 
cubic 1 0.019 0.042 0.019 0.051 
residual 1 0.025 0.035 0.028 0.018 
BSAA testcross cycles 4 0.024 0.022 0.027 0.029 
linear 1 0.001 0.003 0.041 0.024 
quadratic 1 0.044 0.007 0.037 0.032 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 
Error (b) 972 
Total 1567 
C.V. {%) 
0.052 0.025 0.001 0.035 
0.000 0.054 0.030 0.025 
0.161»* 0.029 0.048 0.026 
0.198* 0.016 0.035 0.024 
0.268** 0.064 0.048 0.038 
0.117 0.008 0.013 0.008 
0.062 0.030 0.095* 0.034 
2.429** 0.045 0.050 0.037 
1.776** 0.017 0.054 0.040 
0.636** 0.027 0.052 0.045 
0.459** 0.299 0.003 0.062 
0.036 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table C8. Analysis of variance of unweighted means for kernel depth of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
In four treatments evaluated in three replications in four environments (Ames, 1984. 
1985, and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X Trt x Env 
(d.f. X 12) 
Environments (Env) 4 0.3190** 
Replications/Env 9 0.0300»* 
Treatments (Trt) 3 0.0510* 
Trt X Env 12 0.0180 
Error (a) 27 0.0150 
Genotypes (Gen) 27 0.1102** 0.0082 0.0071 0.0078 
Populations 24 0.0933** 0.0079 0.0068 0.0075 
BSAA cycles 4 0.0050 0.0067 0.0087 0.0090 
linear 1 0.0133 0.0032 0.0074 0.0060 
quadratic 1 0.0006 0.0041 0.0082 0.0077 
cubic 1 0.0061 0.0077 0.0067 0.0054 
residual 1 0.0000 0.0119 0.0123 0.0167* 
BSBB cycles 4 0.0366** 0.0086 0.0047 0.0077 
linear 1 0.0524* 0.0163 0.0003 0.0068 
quadratic 1 0.0480* 0.0090 0.0005 0.0134 
cubic 1 0.0432* 0.0061 0.0114 0.0038 
residual 1 0.0028 0.0032 0.0065 0.0069 
BSAA X BSBB cycles 4 0.0191* 0.0115 0.0096 0.0079 
linear 1 0.0044 0.0044 0.0086 0.0115 
quadratic 1 0.0442* 0.0063 0.0156 0.0056 
cubic 1 0.0271 0.0198* 0.0014 0.0086 
residual 1 0.0007 0.0156 0.0129 0.0058 
BSAA testcross cycles 4 0.0151 0.0066 0.0057 0.0060 
1Inear 1 0.0055 0.0059 0.0095 0.0035 
quadratic 1 0.0109 0.0005 0.0045 0.0065 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 

















































*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table C9. Analysis of variance of unweighted means for kernel row number of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames. 1984, 
1985. and 1986; and Ankeny 1985) and two replications in one environment (Ankeny 
1984) 
Mean squares 
Source of Variation d.f. Gen Gen x Env Gen x Trt Gen x Trt x Env 
(d.f. X 4) (d.f. X 3) (d.f. X 12) 
Environments (Env) 4 65.029** 
Replications/Env 9 0.367 
Treatments (Trt) 3 1.893 
Trt X Env 12 1.466* 
Error (a) 27 0.605 
Genotypes (Gen) 27 27.433*» 0.803 0.628 0.756 
Populations 24 11.640** 0.774 0.650 0.819* 
BSAA cycles 4 4.535** 0.737 0.880 1.025* 
linear 1 16.711** 0.097 1.103 0.701 
quadratic 1 0.460 1.416 1.101 1.388* 
cubic 1 0.958 0.565 1.087 1.115 
residual 1 0.010 0.868 0.229 0.895 
BSBB cycles 4 11.034** 0.535 0.570 0.835 
linear 1 25.793** 0.392 0.191 0.614 
quadratic 1 14.399** 0.695 1.405 0.721 
cubic 1 1.115 0.182 0.523 0.746 
residual 1 2.827* 0.872 0.161 1.260* 
BSAA X BSBB cycles 4 13.165** 0.803 0.689 0.922 
linear 1 33.297** 1.676* 0.135 1.536»» 
quadratic 1 14.220** 0.318 1.530 0.474 
cubic 1 1.028 0.448 0.500 0.708 
residual 1 4.115* 0.769 0.591 0.968 
BSAA testcross cycles 4 1.126 1.065 0.605 0.670 
linear 1 0.330 0.415 1.081 0.930 
quadratic 1 0.422 0.619 0.334 1.049 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 
Error (b) 972 
Total 1567 
C.V. (%) 
2.085 2.629** 0.296 0.385 
1.669 0.597 0.708 0.318 
2.941*» 0.391 0.655 0.469 
0.981 0.448 0.611 0.460 
6.500** 0.570 0.396 0.438 
0.534 0.420 1.545 0.404 
3.571* 0.127 0.067 0.576 
37.038** 1.115 0.502 0.993* 
28.634** 1.097 0.270 0.776 
16.913** 1.031 0.593 0.284 
427.499** 1.207 0.166 0.196 
0.689 
5.0 
•.••Significant at the 0.05 and 0.01 probability levels, respectively. 
Table CIO. Analysis of variance of unweighted means for 300 kernel weight of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames, 
1984, 1985, and 1986; and Ankeny 1985) and two replications in one environment 
(Ankeny 1984) 
Mean squares 
Source of Variation d.f. Gen Gen X Env 
(d.f. X 4) 
Gen X Trt 
(d.f. X 3) 
Gen X 
(d 
Trt X Env 
f. X 12) 
Environments (Env) 4 18382.5*» 
Replications/Env 9 281.1»* 
Treatments (Trt) 3 741.7»* 
Trt X Env 12 106.3 
Error (a) 27 136.7 
Genotypes (Gen) 27 2815.5»» 112.4»» 45.4 46.1 
Populations 24 585.8»» 75.5»» 44.1 43.8 
BSAA cycles 4 256.6 57.4 71.8 44.6 
linear 1 469.4» 63.2 29.5 77.2 
quadratic 1 15.0 21.9 51.2 22.9 
cubic 1 323.5 97.3 87.2 34.5 
residual 1 218.4 47.3 119.1 43.9 
BSBB cycles 4 398.6»» 21.4 31.2 40.8 
linear 1 28.9 18.2 18.9 35.2 
quadratic 1 660.1» 21.7 18.0 50.6 
cubic 1 871.4»» 32.2 71.2 47.1 
residual 1 33.9 13.4 16.5 30.5 
BSAA X BSBB cycles 4 65.6 48.6 70.8 43.0 
linear 1 64.1 46,3 26.5 60.3 
quadratic 1 50.9 27,8 233.7»» 50.5 
cubic 1 6.5 73,6 21.0 31.8 
residual 1 140.9 46,5 2.1 29.5 
BSAA testcross cycles 4 376.1» 67.7 24.0 39.4 
linear 1 806.8»» 75.9 1.9 72.3 
quadratic 1 0.2 15.0 11.9 35.9 
cubic 1 530.8* 102.7 73.0 33.3 
residual 1 166.6 77.2 9.4 16.2 
BSBB testcross cycles 4 191.1 55.6 28.8 33.6 
linear 1 322.3 11.4 22.5 38.2 
quadratic 1 253.2 124.0* 21.7 40.0 
cubic 1 144.9 64.9 10.2 24.6 
residual 1 44.0 21.9 60.9 31.4 
Among groups 4 2227.1** 202.4** 38.0 61.2 
heterosis contrast 1 21.4 17.1 55.7 20.6 
Checks 2 26663.5** 325.8** 70.2 74.4* 
Populations vs Checks 1 8630.9** 570.3** 27.7 45.6 
Error (b) 972 46.2 
Total 1567 
C.V. (%) 8.7 
*,••Significant at the 0.05 and 0.01 probability levels, respectively. 
Table CH. Analysis of variance of unweighted means for grain yield of BSAA and BSBB 
populations per se, population crosses, testcrosses, and three single-cross checks 
in four treatments evaluated in three replications in four environments (Ames, 
1984, 1985, and 1986; and Ankeny 1985) and two replications in one environment 
(Ankeny 1984) 
Mean squares 
Source of Variation d.f. Gen Gen x Env Gen x Trt Gen x Trt x Env 
(d.f. X 4) (d.f. X 3) (d.f. X 12) 
Environments (Env) 4 362.079** 
Repllcations/Env 9 9.190** 
Treatments (Trt) 3 27.205** 
Trt X Env 12 4.957 
Error (a) 27 3.480 
Genotypes (Gen) 27 26.268** 2.594** 1.220 1.127 
Populations 24 21.252** 2.096** 1.036 1.077 
BSAA cycles 4 18.318** 1.650 0.803 1.012 
linear 1 60.418** 2.202 0.316 1.089 
quadratic 1 9.111 1.882 0.814 0.825 
cubic 1 2.275 0.963 0.105 1.113 
residual 1 1.469 1.554 1.976 1.003 
BSBB cycles 4 6.375* 2.177* 1.050 0.999 
linear 1 10.240* 2.207 2.958 0.982 
quadratic 1 12.897* 1.956 0.100 1.746 
cubic 1 0.094 2.820* 0.748 0.572 
residual 1 2.272 1.726 0.395 0.695 
BSAA X BSBB cycles 4 7.390* 2.036* 0.903 0.969 
linear 1 8.503 3.908** 0.603 0.875 
quadratic 1 15.500* 0.929 1.098 0.962 
cubic 1 0.170 1.013 1.097 1.361 
residual 1 5.390 2.293 0.815 0.679 
BSAA testcross cycles 4 3.910 1.318 0.964 0.807 
linear 1 3.635 2.623* 0.826 0.776 
quadratic 1 0.649 0.595 1.097 0.700 
cubic 1 
residual 1 





Among groups 4 
heterosis contrast 1 
Checks 2 
Populations vs Checks 1 
















































1 6 . 0  
*,**Signiflcant at the 0.05 and 0.01 probability levels, respectively. 
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Table C12. Mean values for pollen date in three 
environments 
Entry 1984 1985 1986 
- days after 6/30 -
BSAACO 24.3 . 14.7 11.7 
BSAA(SRCB)C1 24.3 15.3 12.7 
BSAA(SRCB)C2 22.7 13.7 11.7 
BSAA(SRCB)C3 22.3 12.3 11.7 
BSAA(SRCB)C4 21.7 10.0 10.0 
BSBBCO 23.3 15.7 11.7 
BSBB(SRCB)C1 25.3 16.0 13.3 
BSBB(SRCB)C2 24.7 16.0 13.0 
BSBB(SRCB)C3 25.0 16.3 13.3 
BSBB(SRCB)C4 23.7 14.0 12.3 
BSAACO X BSBBCO 21.7 13.3 10.7 
BSAA CI X BSBB CI 25.0 16.0 13.7 
BSAA C2 X BSBB C2 24.3 14.3 13.3 
BSAA C3 X BSBB C3 24.0 15.0 11.7 
BSAA C4 X BSBB C4 21.7 12.0 10.0 
BSAACO X 08420x187 -2 21.7 12.0 10.7 
BSAACl X 03420x187 -2 22.0 14.0 11.0 
BSAAC2 x 08420x187 -2 21.3 13.7 10.0 
BSAAC3 X 03420x187--2 21.7 10.7 9.0 
BSAAC4 X 08420x187--2 21.3 10.7 9.7 
BSBBCO X 03420x187--2 22.7 15.0 11.3 
BSBBCl X 03420x187-2 23.3 13.7 12.0 
BSBBC2 X 03420x187-•2 24.0 15.7 12.0 
BSBBC3 X 08420x187-•2 23.3 15.3 11.7 
BSBBC4 X 03420x187-•2 21.3 14.0 9.0 
B75 X CI31A 26.3 17.7 14.0 
B14A X C103 24.7 16.3 14.0 
08420 X 187-2 23.0 14.7 10.7 
Mean 23.2 14.2 11.6 
LSD 5% 1.8 3.2 2.1 
C.V. {%) 3.8 11.2 9.1 
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Table CIS. Mean values for silk date in three 
environments 
Entry 1984 1985 1986 
days after 6/30 
BSAACO 26.7 19.0 14.7 
BSAA(SRCB)C1 27.0 18.7 15.0 
BSAA(SRCB)C2 27.7 18.3 15.7 
BSAA(SRCB)C3 25.3 17.7 15.3 
BSAA(SRCB)C4 25.7 18.0 14.3 
BSBBCO 24.7 16.7 12.7 
BSBB(SRCB)C1 27.3 19.0 15.3 
BSBB(SRCB)C2 28.0 19.0 15.0 
BSBB(SRCB)C3 27.7 18.3 15.3 
BSBB(SRCB)C4 23.7 17.0 14.0 
BSAACO X BSBBCO 23.3 16.0 13.3 
BSAA CI X BSBB CI 27.0 17.7 14.7 
BSAA C2 X BSBB C2 28.0 18.3 15.3 
BSAA C3 X BSBB C3 26.7 19.0 14.0 
BSAA C4 X BSBB C4 24.0 16.7 13.3 
BSAACO X 08420x187 -2 24.3 15.7 13.3 
BSAACl X 0s420xl87--2 23.3 17.0 13.3 
BSAAC2 X 08420x187--2 25.3 17.0 14.0 
BSAAC3 x 0s420xl87--2 25.0 15.0 13.0 
BSAAC4 X 08420x187--2 25.3 15.3 13.3 
BSBBCO X 0s420xl87--2 24.7 17.0 14.0 
BSBBCl X 0s420xl87-2 26.0 16.0 14.7 
BSBBC2 X 08420x187-2 26.3 17.7 14.3 
BSBBC3 X 08420x187-2 25.3 17.0 14.3 
BSBBC4 X 0s420xl87-2 23.7 16.0 12.0 
B75 X CI31A 26.3 19.3 14.3 
B14A X C103 27.3 19.0 14.3 
08420 X 187-2 24.7 17.0 12.0 
Mean 25.7 17.4 14.1 
LSD 5% 1.8 2.7 1.6 
C.V. (%) 3.5 7.9 5,8 
260 








BSAACO 219 220 176 191 223 
BSM(SRCB)C1 225 219 . 175 193 212 
BSAA(SRCB)C2 219 214 175 179 209 
BSAA(SRCB)C3 214 203 179 176 215 
BSAA(SRCB)C4 200 184 161 171 193 
BSBBCO 228 227 181 186 216 
BSBB(SRCB)C1 221 227 191 188 233 
BSBB(SRCB)C2 239 229 185 185 234 
BSBB(SRCB)C3 231 207 185 188 228 
BSBB(SRCB)C4 212 228 163 174 211 
BSAACO X BSBBCO 213 222 178 189 215 
BSAA CI X BSBB CI 224 225 186 192 235 
BSAA C2 X BSBB C2 232 217 184 190 235 
BSAA C3 X BSBB C3 224 227 191 185 234 
BSAA C4 X BSBB C4 214 213 173 175 219 
BSAACO X 0s420xl87 -2 224 226 189 199 222 
BSAACl X 0s420xl87 -2 220 218 188 186 223 
BSAAC2 X 08420x187 -2 211 233 178 190 227 
BSAAC3 X 0s420xl87 -2 218 208 181 195 217 
BSAAC4 X 08420x187--2 219 214 180 191 213 
BSBBCO X 08420x187 -2 232 249 195 193 215 
BSBBCl X 08420x187--2 231 229 191 187 239 
BSBBC2 X 08420x187--2 232 237 188 194 240 
BSBBC3 X 0s420xl87--2 244 243 194 194 240 
BSBBC4 X 08420x187--2 218 217 181 192 215 
B75 X CI31A 233 239 186 205 244 
B14A X C103 236 236 187 200 243 
0s420 X 187-2 228 234 184 193 234 
Mean 224 223 182 189 224 
LSD 5% 17 37 18 0.216 16 
C.V. {%) 4.7 6.3 5.0 4.2 3.7 
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Table CIS. Mean values for ear height in five environments 
1984 —1985 1986 
Entry Ames Ankeny Ames Ankeny Ames 
BSAACO 102 109 87 91 106 
BSAA(SRCB)C1 111 91 . 88 95 104 
BSAA(SRCB)C2 102 101 81 89 98 
BSAA(SRCB)C3 96 95 86 87 97 
BSAA(SRCB)C4 89 74 72 80 90 
BSBBCO 104 95 92 93 101 
BSBB(SRCB)C1 106 101 99 96 106 
BSBB(SRCB)C2 119 108 92 97 110 
BSBB(SRCB)C3 111 91 96 104 112 
BSBB(SRCB)C4 95 102 84 85 97 
BSAACO X BSBBCO 96 98 86 96 105 
BSAA CI X BSBB CI 111 109 98 98 115 
BSAA C2 X BSBB C2 115 104 90 93 l i s  
BSAA C3 X BSBB C3 100 107 92 95 114 
BSAA C4 X BSBB C4 96 94 81 84 104 
BSAACO X 0s420xl87 -2 99 115 96 100 109 
BSAACl X 03420x187 -2 106 100 97 92 111 
BSAAC2 X 08420x187 -2 99 105 84 92 113 
BSAAC3 X 08420x187 -2 98 90 85 95 102 
BSAAC4 X 08420x187--2 97 88 88 88 101 
BSBBCO X 0s420xl87--2 110 119 103 107 109 
BSBBCl X 08420x187--2 106 104 94 91 117 
BSBBC2 X 08420x187--2 110 110 98 99 119 
BSBBC3 X 08420x187-2 118 114 97 93 118 
BSBBC4 X 08420x187-•2 94 79 91 94 104 
B75 x CI31A 115 120 102 107 123 
B14A X C103 101 98 86 88 103 
08420 X 187-2 105 103 98 97 120 
Mean 104 101 91 94 108 
LSD 5% 17 38 12 13 13 
C.V. {%) 8.1 14.6 6.6 6.7 6.1 
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Table CIS. Mean values for ears per plant under four treatments 
in five environments and combined over environments 
1984 1985—-— 1986 Com-
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO 1 0.93 0.95 . 0.90 0.93 0.90 0.92 
BSAACO 2 0.93 1.00 0.90 0.83 0.90 0.91 
BSAACO 3 1.03 1.00 0.93 0.93 0.90 0.96 
BSAACO 4 0.90 1.00 0.90 0.87 0.93 0.92 
BSAA(SRCB)C1 1 1.00 0.95 0.97 0.87 0.87 0.93 
BSAA(SRCB)C1 2 1.03 1.00 0.93 0.77 0.87 0.92 
BSAA(SRCB)C1 3 1.00 1.00 1.00 0.90 0.97 0.97 
BSAA(SRCB)C1 4 1.00 1.05 0.97 0.90 0.93 0.97 
BSAA(SRCB)C2 1 1.00 1.00 0.97 0.93 0.90 0.96 
BSAA(SRCB)C2 2 0.97 1.00 0.80 0.90 0.97 0.93 
BSAA(SRCB)C2 3 1.00 1.00 1.00 0.80 0.97 0.95 
BSAA(SRCB)C2 4 0.93 1.00 0.97 0.90 0.93 0.95 
BSAA(SRCB)C3 1 0.97 1.05 0.80 0,83 0.97 0.92 
BSAA(SRCB)C3 2 0.93 0.95 0.87 0.70 0.77 0.84 
BSAA(SRCB)C3 3 1.00 0,95 0.90 0.87 0.90 0.92 
BSAA(SRCB)C3 4 0.90 1.00 0,90 0.73 0.97 0.90 
BSAA{SRCB)C4 1 0.90 0.95 0.77 0.87 0.90 0.88 
BSAA(SRCB)C4 2 0.93 0.95 0.83 0.80 0.87 0.88 
BSAA(SRCB)C4 3 0.97 1.00 0.90 0.77 0.90 0.91 
BSAA(SRCB)C4 4 0.93 0,95 0,87 0.97 0,83 0.91 
BSBBCO 1 1.00 1.05 1.00 0.97 1.10 1.02 
BSBBCO 2 1.03 1.00 1.03 0.80 1.00 0.97 
BSBBCO 3 1.00 0.90 1.00 0.97 1.00 0.97 
BSBBCO 4 0.97 1.00 1.00 0.93 1.00 0.98 
BSBB(SRCB)C1 1 0.97 1.15 0.93 0.93 1.00 1.00 
BSBB(SRCB)C1 2 0.90 1.00 0.97 0.93 1.03 0.97 
BSBB(SRCB)C1 3 0.93 1.05 0.97 0.97 0.97 0.98 
BSBB(SRCB)C1 4 1.00 1.00 0.93 0.90 0.93 0,95 
BSBB(SRCB)C2 1 0,93 1,00 1,00 1,00 0,93 0.97 
BSBB(SRCB)C2 2 1.00 1,00 0.90 0.93 0.90 0.95 
BSBB(SRCB)C2 3 0.93 1.00 0.83 0.97 0.92 0.93 
BSBB(SRCB)C2 4 1.00 1.00 1.00 0,73 1.00 0.95 
BSBB(SRCB)C3 1 0.93 1.00 1.00 0.87 0.97 0.95 
BSBB(SRCB)C3 2 1.03 1.00 0.90 0.73 1.00 0.93 
BSBB(SRCB)C3 3 1.00 1.00 0.93 0.87 1.00 0.96 
BSBB(SRCB)C3 4 0.97 1.05 0.97 0.77 0.93 0.94 
BSBB(SRCB)C4 1 0.97 1.00 0.80 0.97 0.93 0.93 
BSBB(SRCB)C4 2 0.97 1.05 0.93 0.93 0.90 0.96 
BSBB(SRCB)C4 3 1.00 0.95 0.93 0.80 1.03 0.94 
BSBB(SRCB)C4 4 0.93 1.00 0.90 0,87 0.90 0.92 
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Table C16. Continued 
1984 —- 1985—"" 1986 Coin-
Entry Trt Ames Ankeny Ames Ankeny Ames blned 
BSAACO X BSBBCO 1 1.03 1.00 . 1.03 0.97 1.00 1.01 
BSAACO X BSBBCO 2 1.00 1.05 1.00 0.87 1.00 0.98 
BSAACO X BSBBCO 3 1.03 1.00 0.93 0.93 0.93 0.96 
BSAACO X BSBBCO 4 1.00 1.05 0.93 0.97 1.00 0.99 
BSAA CI X BSBB CI 1 1.03 0.95 1.00 0.97 1.00 0.99 
BSAA CI X BSBB CI 2 1.00 1.00 0.90 0.83 0.97 0.94 
BSAA CI X BSBB CI 3 1.03 1.00 0.90 1.00 0.97 0.98 
BSAA CI X BSBB CI 4 1.03 1.00 0.90 0.83 1.03 0.96 
BSAA C2 X BSBB C2 1 0.97 1.00 0.97 1.00 0.97 0.98 
BSAA C2 X BSBB C2 2 1.00 1.00 1.00 0.93 0.90 0.97 
BSAA C2 X BSBB C2 3 1.00 1.00 1.00 0.97 0.90 0.97 
BSAA C2 X BSBB C2 4 1.00 1.10 0.97 0.93 0.97 0.99 
BSAA C3 X BSBB C3 1 0.97 0.95 0.83 0.80 1.00 0.91 
BSAA C3 X BSBB C3 2 0.93 1.00 0.87 0.93 0.90 0.93 
BSAA C3 X BSBB C3 3 1.00 1.00 1.00 0.97 1.00 0.99 
BSAA C3 X BSBB C3 4 0.97 1.00 0.77 0.90 0.97 0.92 
BSAA C4 X BSBB C4 1 1.00 1.05 0.97 0.97 1.03 1.00 
BSAA C4 X BSBB C4 2 0.93 0.90 0.83 0.93 0.87 0.89 
BSAA C4 X BSBB C4 3 1.00 1.00 0.87 0.90 0.83 0.92 
BSAA C4 X BSBB C4 4 0.97 0.95 0.87 0.90 0.87 0.91 
BSAACO X 03420x187--2 1 0.97 0.95 0.90 0.93 0.97 0.94 
BSAACO X 09420x187--2 2 1.00 1.00 0.97 0.97 0.97 0.98 
BSAACO x 08420x187--2 3 1.03 1.00 1.00 0.93 1.00 0.99 
BSAACO X 03420x187--2 4 1.00 1.00 0.87 0.87 1.00 0.95 
BSAACl X 03420x187--2 1 1.03 1.00 0.93 1.00 0.97 0.99 
BSAACl X 03420x187--2 2 1.00 1.00 0.93 0.90 1.00 0.97 
BSAACl X 08420x187--2 3 1.00 1.05 1.00 0.90 1.00 0.99 
BSAACl X 03420x187-•2 4 1.00 1.00 0.93 0.93 1.00 0.97 
BSAAC2 X 03420x187-2 1 0.87 1.00 0.90 0.97 0.97 0.94 
BSAAC2 X 03420x187-2 2 0.97 1.00 0.93 0.87 1.03 0.96 
BSAAC2 X 03420x187-2 3 1.03 1.00 0.97 0.80 0.97 0.95 
BSAAC2 X 03420x187-2 4 0.93 1.00 0.93 0.90 0.97 0.95 
BSAAC3 X 03420x187-2 1 1.00 0.85 0.97 0.97 0.90 0.94 
BSAAC3 X 08420x187-2 2 1.00 0.95 0.90 0.83 1.00 0.94 
BSAAC3 X 03420x187-2 3 0.97 1.00 0.83 0.80 0.97 0.91 
BSAAC3 X 03420x187-2 4 1,00 1.00 0.97 0.80 0.87 0.93 
BSAAC4 X 03420x187-2 1 0.93 1.00 0.93 0.93 0.93 0.94 
BSAAC4 X 03420x187-2 2 1.00 1.00 0.90 0.97 0.93 0.96 
BSAAC4 X 03420x187-2 3 0.97 1.00 0.90 0.93 1.00 0.96 
BSAAC4 X 03420x187-2 4 0.97 1.00 0.93 0.93 0.97 0.96 
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Table C16. Continued 
— — — " 1984——— 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSBBCO X 08420x187-2 1  0 .93 1 .00 0 .97 0 ,90 0 .90 0 .94 
BSBBCO X 03420x187-2 2  1 .00 1 .00 0 .87 1 .00 1 .00 0 .97 
BSBBCO X 08420x187-2 3  1 .00 1 .00 0 .90 1 .00 1 .00 0 .98 
BSBBCO X 08420x187-2 4 1 .00 1 .00 0 .97 0 .97 1 ,00 0 .99 
BSBBCl X 08420x187-2 1 0.97 1.00 0.97 0 .93 0 .97 0 .97 
BSBBCl X 08420x187-2 2 1.00 1.15 0.97 0 ,87 0 .93 0 .98 
BSBBCl X 08420x187-2 3 0 .93 1.00 0.97 0 ,93 0 .97 0.96 
BSBBCl X 08420x187-2 4 1.00 1.05 1.00 0,93 0 .93 0 .98 
BSBBC2 X 08420x187-2 1 0.97 0.95 1.00 1,00 0.93 0 .97 
BSBBC2 X 03420x187-2 2 1.03 1.00 1,00 0.80 0.90 0.95 
BSBBC2 X 08420x187-2 3 1.03 1.00 0.93 1.00 0.97 0.99 
BSBBC2 X 03420x187-2 4 0 .97 1.00 0.90 0,87 0 .97 0 .94 
BSBBC3 X 03420x187-2 1 1.00 1.05 1.00 0.80 1.03 0.98 
BSBBC3 X 03420x187-2 2 0.97 1.00 0.97 0.90 0.97 0.96 
BSBBC3 X 03420x187-2 3 1.00 1.00 0.90 0.77 1.00 0.93 
BSBBC3 X 03420x187-2 4 1.00 1.00 0.87 0.63 1.03 0.91 
BSBBC4 X 03420x187-2 1 0.97 0.95 0.97 1.00 0.93 0.96 
BSBBC4 X 03420x187-2 2 0.97 1.00 0.87 0.93 0.90 0.93 
BSBBC4 X 03420x187-2 3 0.97 1.00 0.97 0,90 0.97 0.96 
BSBBC4 X 03420x187-2 4 1.00 1.00 0.90 0.80 1.00 0.94 
B75 X CI31A 1 1.03 0.95 1.00 1,00 1.00 1.00 
B75 X CI31A 2 1.03 1.00 1.03 1.00 1.00 1,01 
B75 X CI31A 3 1.00 1.00 0.97 1.00 1.00 0.99 
B75 X CI31A 4 1.00 1.00 1.03 1.00 1.00 1.01 
B14A X C103 1 0.97 1,00 0.97 0.93 1.00 0.97 
B14A X C103 2 0.97 1.00 0.87 0.97 1.00 0.96 
B14A X C103 3 0.97 0.95 1.00 0.90 0.97 0.96 
B14A X C103 4 0.87 1.00 1.00 0.73 1.00 0.92 
03420 X 187-2 1 1.00 1.00 1.00 0.97 1.00 0.99 
03420 X 187-2 2 0.97 1.00 0.93 0.63 1.00 0.91 
08420 X 187-2 3 1.00 1.00 0,73 0.97 1.00 0.94 
08420 X 187-2 4 1.00 1.00 0.90 0.83 1.00 0.95 
Mean 0.98 1.00 0,93 0.90 0.96 0.95 
LSD 5% treatment/entry 0.11 0.10 0.15 0.18 0.12 0.06 
LSD 5% entrle3/treatment 0.11 0.10 0,14 0.18 0.11 0.06 
C.V. (%) 6.8 4.9 9,5 12,4 7 . 4  8.7 
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Table C17. Mean values for ears length under four treatments 
in five environments and combined over environments 
1984 1985 1986 Corn-
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
cm 
BSAACO 1 16.7 16.4 14.1 12.3 16.5 15.2 
BSAACO 2 14.7 17.4 14.2 11.4 15,5 14.6 
BSAACO 3 19.3 16.1 15.5 14.9 15.9 16.3 
BSAACO 4 15.2 16.7 14.2 12.9 16.6 15.2 
BSAA(SRCB)C1 1 17.8 14.3 15.6 13.1 15.7 15.3 
BSAA(SRCB)C1 2 17.8 16.0 15.2 12.0 15.1 15.2 
BSAA(SRCB)C1 3 17.1 16.9 16.1 12.3 16.7 15.8 
BSAA(SRCB)C1 4 16.8 18,1 15.2 12.9 16.7 16.0 
BSAA(SRCB)C2 1 16.3 17.6 15.1 12.9 15.0 15.4 
BSAA(SRCB)C2 2 16.0 16.7 12.9 11.8 17.5 15.0 
BSAA(SRCB)C2 3 16.1 16.4 14.8 11,2 15.7 14.8 
BSAA(SRCB)C2 4 15.5 16.1 15.7 13.7 15.5 15.3 
BSAA(SRCB)C3 1 15.1 16.1 11.4 11.1 15.0 13.7 
BSAA(SRCB)C3 2 15.6 15.2 12.5 9.5 12.2 13.0 
BSAA(SRCB)C3 3 16.3 16.7 11.7 12.6 13.9 14.2 
BSAA(SRCB)C3 4 14.3 14.2 13.0 9.5 14.5 13.1 
BSAA(SRCB)C4 1 14.6 13.4 10.2 11.2 13.6 12.6 
BSAA(SRCB)C4 2 14.0 14.5 11.3 10.7 12.3 12.6 
BSAA(SRCB)C4 3 15.5 14.2 11.2 10.5 14.8 13.2 
BSAA(SRCB)C4 4 13.5 12.6 11.5 13.1 12.5 12.6 
BSBBCO 1 17.3 16.7 16.0 13.9 20.2 16.8 
BSBBCO 2 17.2 15.9 16.7 12.0 16.3 15.6 
BSBBCO 3 16.9 13.2 16.9 13.8 17.6 15.7 
BSBBCO 4 16.7 16.2 15.9 12.9 17.5 15.8 
BSBB(SRCB)C1 1 15.1 17.4 15.9 13.1 17.6 15.8 
BSBB(SRCB)C1 2 13.8 16.3 15.0 11.9 16.4 14.7 
BSBB(SRCB)C1 3 15.1 18.1 16.1 13.0 15.4 15.5 
BSBB(SRCB)C1 4 15.4 15.6 14.4 11.8 16.0 14.6 
BSBB(SRCB)C2 1 15.1 15.7 15.7 13.9 16.0 15.3 
BSBB(SRCB)C2 2 16.7 16.4 14.1 12.3 16.0 15.1 
BSBB(SRCB)C2 3 14.9 16.7 12.4 13.5 15.7 14.6 
BSBB(SRCB)C2 4 15.3 17.6 15.9 12.1 15.9 15.3 
BSBB(SRCB)C3 1 15.4 16.7 15.3 12.5 16.9 15.4 
BSBB(SRCB)C3 2 16.1 15.1 14.2 10.5 17.3 14.6 
BSBB(SRCB)C3 3 16.2 15.2 14.4 13.3 16.1 15.1 
BSBB(SRCB)C3 4 15.0 16.5 14.9 10.5 16.2 14.6 
BSBB(SRCB)C4 1 14.3 14.9 11.1 12.7 13.4 13.3 
BSBB(SRCB)C4 2 14.1 16.9 13.8 11.9 13.5 14.0 
BSBB(SRCB)C4 3 14.6 13.1 13.3 10.6 15.2 13.4 
BSBB(SRCB)C4 4 14.7 13.8 13.0 11.1 14.6 13.4 
Table C17. Continued 
1984 — 1985 1986 Com­
Entry Trt Aine8 Ankeny Ames Ankeny Ame3 bined 
BSAACO X BSBBCO 1 17.7 16.4 16.7 14.7 18.2 16.7 
BSAACO X BSBBCO 2 17.2 17.1 16.6 12.7 17.4 16.2 
BSAACO X BSBBCO 3 18.0 16.9 14.5 12.7 16.3 15.7 
BSAACO X BSBBCO 4 16.4 17.7 16.1 14.6 17.1 16.4 
BSAA CI X BSBB CI 1 17.4 15.6 16.3 15.0 17.0 16.3 
BSAA CI X BSBB CI 2 16.5 17.5 14.9 11.5 17.4 15.6 
BSAA CI X BSBB CI 3 17.4 17.7 14.3 14.6 16.8 16.2 
BSAA CI X BSBB CI 4 17.1 16.4 15.1 11.9 17.0 15.5 
BSAA C2 X BSBB C2 1 16.5 15.2 15.3 15.1 17.2 15.9 
BSAA C2 X BSBB C2 2 16.8 17.6 17.1 12.0 16.0 15.9 
BSAA C2 X BSBB C2 3 16.9 16.1 16.6 13.5 14.6 15.6 
BSAA C2 X BSBB C2 4 16.3 17.6 15.3 13.4 17.1 15.9 
BSAA C3 X BSBB C3 1 15.9 15.7 13.5 12.0 18.8 15.2 
BSAA C3 X BSBB C3 2 15.7 17.4 13.8 13.2 16.2 15.3 
BSAA C3 X BSBB C3 3 17.7 16.4 14.8 14.4 17.6 16.2 
BSAA C3 X BSBB C3 4 16.2 16.6 12.4 13.3 17.4 15.2 
BSAA C4 X BSBB C4 1 15.6 16.3 12.8 13.8 17.6 15.2 
BSAA C4 X BSBB C4 2 14.6 13.8 11.8 12.5 14.7 13.5 
BSAA C4 X BSBB C4 3 16.3 16.9 12.9 11.9 13.8 14.3 
BSAA C4 X BSBB C4 4 15.6 14.9 12.3 12.3 14.8 14.0 
BSAACO X 0s420xl87 -2 1 18.1 17.0 15.8 15.7 17.3 16.8 
BSAACO X 09420x187 -2 2 18.3 19.1 15.6 14.4 16.6 16.8 
BSAACO X 08420x187 -2 3 18.7 17.6 16.1 14.1 18.6 17.0 
BSAACO X 03420x187--2 4 18.1 17.4 14.6 14.7 17.3 16.4 
BSAACl X 08420x187 -2 1 19.2 18.0 16.3 16.5 17.8 17.6 
BSAACl X 08420x187--2 2 19.2 18.2 16.1 13.9 18.4 17.1 
BSAACl X 03420x187--2 3 19.1 19.4 17.0 13.5 18.2 17.4 
BSAACl X 03420x187--2 4 18.1 16.1 15.1 14.0 19.2 16.5 
BSAAC2 X 03420x187--2 1 16.9 18.6 15.4 15.7 18.2 17.0 
BSAAC2 X 03420x187--2 2 17.9 17.9 16.5 12.8 18.9 16.8 
BSAAC2 X 03420x187--2 3 19.4 18.6 15,5 12.5 16.3 16.5 
BSAAC2 X 08420x187--2 4 17.9 17.9 16.6 13.1 17.9 16.7 
BSAAC3 X 03420x187--2 1 17.7 14.6 15.9 15.7 17.2 16.2 
BSAAC3 X 03420x187--2 2 17.3 15.2 14.1 11.1 17.9 15.1 
BSAAC3 X 03420x187-•2 3 18.4 18.9 12.9 12.4 17.9 16.1 
BSAAC3 X 03420x187-2 4 18.3 17.1 15.1 11.5 15.7 15.5 
BSAAC4 X 08420x187-•2 1 16.1 17.9 15.1 14.9 16.9 16.2 
BSAAC4 X 03420x187-•2 2 18.6 17.8 13.4 14.6 16.9 16.3 
BSAAC4 X 03420x187-•2 3 18.0 17.9 13.8 14.5 17.8 16.4 
BSAAC4 X 03420x187-2 4 17.6 16.9 13.7 13.8 17.6 15.9 
Table C17. Continued 









BSBBCO X 08420x187-2 1 17.2 17.2 . 17.4 14.2 15.3 16.3 
BSBBCO X 08420x187-2 2 17.8 16.9 14.2 15.1 17.4 16.3 
BSBBCO X 08420x187-2 3 17.9 17.4 15.0 15.9 18.5 16.9 
BSBBCO X 03420x187-2 4 19.8 17.2 16.7 14.4 17.3 17.1 
BSBBCl X 03420x187-2 1 16.9 17.7 17.2 15.4 17.9 17.0 
BSBBCl X 03420x187-2 2 18.4 19.6 17.3 13.2 16.1 16.9 
BSBBCl X 08420x187-2 3 17.1 18.6 16.2 14.2 17.0 16.6 
BSBBCl X 03420x187-2 4 17.7 18.6 15.5 13.8 16.9 16.5 
BSBBC2 X 08420x187-2 1 16.5 16.1 17.7 15.0 16.9 16.5 
BSBBC2 X 08420x187-2 2 19.6 17.0 16.3 11.2 16.3 16.1 
BSBBC2 X 08420x187-2 3 18.6 17.7 15.6 14.3 16.6 16.6 
BSBBC2 X 03420x187-2 4 16.5 17.7 14.7 11.7 17.7 15.7 
BSBBC3 X 03420x187-2 1 19.3 18.8 17.1 13.4 19.5 17.6 
BSBBC3 X 03420x187-2 2 18.2 18.6 16.3 13.5 17.2 16.7 
BSBBC3 X 08420x187-2 3 18.9 17.7 15.3 12.0 18.5 16.5 
BSBBC3 x 08420x187-2 4 18.0 17.9 15.6 8.8 18.9 15.8 
BSBBC4 X 03420x187-2 1 16.2 17.4 15.6 16.7 17.5 16.7 
BSBBC4 X 03420x187-2 2 18.1 17.4 13.7 13.8 15.3 15.7 
BSBBC4 X 03420x187-2 3 18.1 16.9 15.8 13.0 17.1 16.2 
BSBBC4 X 03420x187-2 4 17.2 15.8 15.0 10.6 17.4 15.2 
B75 X CI31A 1 16.5 16.4 15.3 15.0 17.0 16.1 
B75 X CI31A 2 18.5 16.5 15.4 14.8 17.8 16.6 
B75 X CI31A 3 17.5 15.7 15.4 14.1 17.2 16.0 
B75 X CI31A 4 16.0 16.5 16.2 15.0 17.2 16.2 
B14A X C103 1 17.6 19.2 18.1 17.3 20.2 18.5 
B14A X C103 2 17.9 19.4 15.8 15.8 19.5 17.7 
B14A X C103 3 18.0 17.6 17.1 14.8 18.3 17.2 
B14A X C103 4 16.5 17.5 16.9 12.0 19.7 16.5 
0s420 X 187-2 1 19.7 18.9 18.0 15.3 19.4 18.3 
09420 X 187-2 2 18.3 18.6 17.2 9.2 18.6 16.4 
08420 X 187-2 3 19.2 18.0 12.6 13.2 19.6 16.5 
08420 X 187-2 4 18.8 16.3 15.0 13.0 19.7 16.6 
Mean 16.9 16.8 15.0 13.1 16.8 15.7 
LSD 5% treatment/entry 2.3 3.0 3.1 3.3 2.7 1.4 
LSD 5% entries/treatment 2.2 2.9 2.9 3.2 2.5 1.3 
C.V. (%) 8.2 8.8 12.2 15.3 9.4 10.8 
Table C18. Mean values for ears diameter under four treatments 
in five environments and combined over environments 
——1984 1985 1986 Corn-









































4.57 4.50 4.33 
4.30 4.50 4.27 
4.47 4.50 4.43 
4.43 4.50 4.47 
4.57 4.35 4.40 
4.43 4.45 4.37 
4.53 4.70 4.53 
4.40 4.45 4.30 
4.33 4.60 4.57 
4.53 4.40 4.43 
4.40 4.55 4.30 
4.23 4.55 4.50 
4.53 4.50 4.23 
4.70 4.50 4.40 
4.63 4.95 4.33 
4.47 4.35 4.37 
4.47 4.30 4.50 
4.27 4.55 4.30 
4.53 4.45 4.27 
4.27 4.20 4.47 
4.67 4.35 4.57 
4.57 4.50 4.50 
4.57 4.30 4.37 
4.53 4.45 4.60 
4.80 4.60 4.77 
4.80 4.70 4.83 
4.80 4.70 4.73 
4.53 4.65 4.67 
4.60 4.70 4.87 
4.80 4.85 4.73 
4.97 4.70 4.67 
4.77 4.75 4.67 
4.83 4.80 4.80 
4,77 4.45 4.73 
4.70 4.70 4.67 
4.63 4.90 4.53 
4.93 4.75 4.63 
4.83 4.80 4.73 
4.77 4.70 4.53 
4.80 4.80 4.73 
3.97 4.60 4.39 
4.20 4.47 4.35 
4.40 4.53 4.47 
4.37 4.47 4.45 
4.33 4.50 4.43 
4.17 4.70 4.42 
4.10 4.37 4.45 
4.10 4.47 4.34 
4.17 4.43 4.42 
4.03 4.53 4.38 
4.13 4.60 4.40 
4.30 4.50 4.42 
4.33 4.43 4.40 
4.27 4.43 4.46 
4.40 4.57 4.58 
4.17 4.30 4.33 
4.23 4.47 4.39 
4.10 4.27 4.30 
4.30 4.50 4.41 
4.23 4.37 4.31 
4.33 4.70 4.52 
4.30 4.40 4.45 
4.20 4.50 4.39 
4.13 4.43 4.43 
4.60 4.87 4.73 
4.30 4.77 4.68 
4.37 4.77 4.67 
4.23 4.77 4.57 
4.57 4.77 4.70 
4.37 5.03 4.76 
4.50 4.55 4.68 
4.33 4.73 4.65 
4.60 4.63 4.73 
4.53 4.80 4.66 
4.37 4.73 4.63 
4.33 4.67 4.61 
4.40 4.67 4.68 
4.37 4.83 4.71 
4.60 4.70 4.66 
4.30 4.53 4.63 
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Table C18. Continued 
1984- 1985 1986 Coin-
Entry Trt Ames Ankeny Ames Ankeny Ames blned 
cm 
BSAACO X BSBBCO 1 4.60 4.55 4.50 4.37 4.70 4.54 
BSAACO X BSBBCO 2 4.67 4.65 4.47 4.27 4.63 4.54 
BSAACO X BSBBCO 3 4.77 4.60 4.40 4.13 4.50 4.48 
BSAACO X BSBBCO 4 4.60 4.35 4.53 4.43 4.60 4.50 
BSAA CI X BSBB CI 1 4.70 4.65 4.57 4.60 4.73 4.65 
BSAA CI X BSBB CI 2 4.80 4.70 4.70 4.40 4.60 4.64 
BSAA CI X BSBB CI 3 4.57 4.80 4.63 4,53 4.70 4.65 
BSAA CI X BSBB CI 4 4.67 4.65 4.77 4.30 4.67 4.61 
BSAA C2 X BSBB C2 1 4.90 4,80 4.53 4.53 4.77 4.71 
BSAA C2 X BSBB C2 2 4.73 4.70 4.43 4.17 4.57 4.52 
BSAA C2 X BSBB C2 3 4.77 4.90 4.63 4.30 4.77 4.67 
BSAA C2 X BSBB C2 4 4.60 4.75 4.67 4.47 4.90 4.68 
BSAA C3 X BSBB C3 1 4.87 4.85 4.77 4.27 4.83 4.72 
BSAA C3 X BSBB C3 2 4.80 4.60 4.57 4.43 4.63 4.61 
BSAA C3 X BSBB C3 3 4.80 4.55 4.53 4.37 4.90 4.63 
BSAA C3 X BSBB C3 4 4.57 4.70 4.73 4.53 4.87 4.68 
BSAA C4 X BSBB C4 1 4.73 4.75 4.53 4.50 4.73 4.65 
BSAA C4 X BSBB C4 2 4.73 4.60 4.43 4.57 4.57 4.58 
BSAA C4 X BSBB C4 3 4.63 4.70 4.83 4.40 4.70 4.65 
BSAA C4 X BSBB C4 4 4.73 4.60 4.67 4.27 4.70 4.59 
BSAACO X 0s420xl87--2 1 4.63 4.45 4.67 4.43 4.47 4.53 
BSAACO X 08420x187--2 2 4.57 4.70 4.53 4.27 4.73 4.56 
BSAACO X 03420x187--2 3 4.60 4.45 4.53 4.13 4.57 4.46 
BSAACO X 0s420xl87--2 4 4.60 4.45 4,53 4.17 4.50 4.45 
BSAACl X 0s420xl87--2 1 4.67 4.65 4.73 4.37 4.53 4.59 
BSAACl X 0s420xl87-•2 2 4.63 4.50 4.50 4.17 4.43 4.45 
BSAACl X 0s420xl87--2 3 4.63 4.60 4.40 4.30 4.53 4.49 
BSAACl X 03420x187-•2 4 4.63 4.25 4.43 4.23 4.63 4.43 
BSAAC2 X 0s420xl87-•2 1 4.60 4.60 4.67 4.40 4.60 4.57 
BSAAC2 X 08420x187-2 2 4.63 4.60 4.53 4.10 4.60 4.49 
BSAAC2 X 03420x187-2 3 4.60 4.75 4.47 4.37 4.27 4.49 
BSAAC2 X 0s420xl87-2 4 4.80 4.50 4.63 4.07 4.57 4.51 
BSAAC3 X 08420x187-2 1 4.67 4.55 4.53 4.63 4.77 4.63 
BSAAC3 X 0s420xl87-2 2 4.70 4.25 4.43 4.20 4.67 4.45 
BSAAC3 X 03420x187-2 3 4.60 4.60 4.67 4.20 4.70 4.55 
BSAAC3 X 0s420xl87-2 4 4.60 4.45 4.57 4.23 4.53 4.48 
BSAAC4 X 08420x187-2 1 4.50 4.45 4.53 4.40 4.60 4.50 
BSAAC4 X 03420x187-2 2 4.50 4.55 4.47 4.33 4.40 4.45 
BSAAC4 X 03420x187-2 3 4.67 4.55 4.63 4.27 4.53 4.53 
BSAAC4 X 03420x187-2 4 4.60 4.50 4.47 4.07 4.47 4.42 
Table CIS. Continued 









BSBBCO X 08420x187-2 1 4.60 4.45 . 4.73 4.37 4.57 4.54 
BSBBCO X 08420x187-2 2 4.57 4.45 4.50 4.13 4.47 4.42 
BSBBCO X 03420x187-2 3 4.73 4.45 4.60 4.33 4.67 4.56 
BSBBCO X 03420x187-2 4 4.80 4.50 4.60 4.13 4.37 4.48 
BSBBCl X 03420x187-2 1 4.77 4.60 4.87 4.50 4.80 4.71 
BSBBCl X 03420x187-2 2 4.73 4.65 4.63 4.40 4.63 4.61 
BSBBCl X 03420x187-2 3 4.77 4.65 4.50 4.47 4.90 4.66 
BSBBCl X 03420x187-2 4 4.63 4.75 4.53 4.33 4.70 4.59 
BSBBC2 X 03420x187-2 1 4.43 4.50 4,63 4.37 4.70 4.53 
BSBBC2 x 03420x187-2 2 4.83 4.75 4.53 4.27 4.50 4.58 
BSBBC2 X 03420x187-2 3 4.77 4.85 4.67 4.33 4.63 4.65 
BSBBC2 X 03420x187-2 4 4.67 4.70 4.67 4.67 4.70 4.68 
BSBBC3 x 03420x187-2 1 4.80 4.70 4.67 4.53 4.83 4.71 
BSBBC3 X 03420x187-2 2 4.70 4.70 4.53 4.27 4.63 4.57 
BSBBC3 X 03420x187-2 3 4.87 4.60 4.50 4.37 4.77 4.62 
BSBBC3 X 03420x187-2 4 4.63 4.70 4.67 4.20 4.73 4.59 
BSBBC4 X 03420x187-2 1 4.73 4.85 4.73 4.53 4.63 4.69 
BSBBC4 X 03420x187-2 2 4.73 4.65 4.67 4.33 4.73 4.62 
BSBBC4 X 03420x187-2 3 4.83 4.50 4.60 4.27 4.73 4.59 
BSBBC4 X 03420x187-2 4 4.70 4.45 4.63 4.17 4.67 4.52 
B75 X CrSlA 1 4.47 4.65 4.53 4.30 4.60 4.51 
B75 X CI31A 2 4.57 4.45 4.40 4.17 4.80 4.48 
B75 X CI31A 3 4.87 4.50 4.67 4.20 4.77 4.60 
B75 X CI31A 4 4.47 4.60 4.63 4.27 4.70 4.53 
B14A X C103 1 4.33 4.70 4.63 4.67 4.73 4.61 
B14A X C103 2 4.50 4.65 4.70 4.17 4.63 4.53 
B14A X C103 3 4.97 4.70 4.30 4.30 4.87 4.63 
B14A X C103 4 4.63 4.55 4.43 4.30 4.77 4.54 
03420 X 187-2 1 4.57 4.45 4.40 4.10 4.63 4.43 
08420 X 187-2 2 4.50 4.55 4.47 4.03 4.60 4.43 
0s420 X 187-2 3 4.53 4.30 4.37 3.83 4.53 4.31 
08420 X 187-2 4 4.43 4.20 4.30 4.20 4.43 4.31 
Mean 4.64 4.58 4.55 4.31 4.62 4.54 
LSD 5% treatment/entry 0.35 0.36 0.30 0.34 0.32 0.14 
LSD 5% entries/treatment 0.31 0.35 0.29 0.33 0.31 0.14 
C.V. (%) 4.2 3.8 3.9 4.7 4.1 4.2 
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Table C19. Mean values for kernel depth under four treatments 
In five environments and combined over environments 
1984 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO 1 0.87 0.80 0.85 0.67 0.82 0.80 
BSAACO 2 0.75 0.80 0.80 0.77 0.80 0.78 
BSAACO 3 0.80 0.80 0.80 0.87 0.80 0.81 
BSAACO 4 0.82 0.78 0.83 0.80 0.80 0.81 
BSAA(SRCB)C1 1 0.88 0.70 0.82 0.82 0.87 0.82 
BSAA(SRCB)C1 2 0.80 0.80 0.82 0.72 0.87 0.80 
BSAA(SRCB)C1 3 0.82 0.82 0.83 0.68 0.73 0.78 
BSAA(SRCB)C1 4 0.80 0.80 0.80 0.72 0.68 0.76 
BSAA(SRCB)C2 1 0.82 0.85 0.92 0.73 0.70 0.80 
BSAA(SRCB)C2 2 0.85 0.72 0.82 0.72 0.82 0.79 
BSAA(SRCB)C2 3 0.73 0.80 0.75 0.70 0.-87 0.77 
BSAA(SRCB)C2 4 0.73 0.85 0.85 0.78 0.83 0.81 
BSAA(SRCB)C3 1 0.87 0.77 0.67 0.73 0.88 0.78 
BSAA(SRCB)C3 2 0.83 0.80 0.78 0.77 0.75 0.79 
BSAA(SRCB)C3 3 0.88 0.92 0.75 0.82 0.83 0.84 
BSAA(SRCB)C3 4 0.83 0.78 0.78 0.68 0.73 0.76 
BSAA(SRCB)C4 1 0.78 0.72 0.77 0.73 0.78 0.76 
BSAA(SRCB)C4 2 0.77 0.82 0.77 0.70 0.70 0,75 
BSAA(SRCB)C4 3 0.87 0.78 0.73 0.80 0.85 0.81 
BSAA(SRCB)C4 4 0.77 0.72 0.87 0.77 0.80 0.79 
BSBBCO 1 0.90 0,80 0.88 0.83 0.93 0.87 
BSBBCO 2 0.88 0,85 0.88 0,80 0.87 0.86 
BSBBCO 3 0.88 0.78 0.83 0.80 0.85 0.83 
BSBBCO 4 0.82 0,83 0.93 0.80 0.83 0.84 
BSBB(SRCB)C1 1 0.93 0,85 0.93 0.90 0.93 0.91 
BSBB(SRCB)C1 2 0.93 0,87 0.98 0.75 0.95 0.90 
BSBB(SRCB)C1 3 0.97 0,90 1.00 0.80 1.00 0.93 
BSBB(SRCB)C1 4 0.85 0,88 0.92 0.77 0.98 0.88 
BSBB(SRCB)C2 1 0.85 0,87 1.00 0.95 0.92 0.92 
BSBB(SRCB)C2 2 0.95 0,92 0.95 0.83 1.05 0.94 
BSBB(SRCB)C2 3 1.00 0,87 0.90 0.87 0.86 0.90 
BSBB(SRCB)C2 4 0.97 0,95 0.93 0.75 0.87 0.89 
BSBB(SRCB)C3 1 0.93 0.93 0.98 0.92 0.87 0.93 
BSBB(SRCB)C3 2 0.92 0,78 0,92 0.80 0.95 0.87 
BSBB(SRCB)C3 3 0.90 0,87 0,92 0.77 0.88 0.87 
BSBB(SRCB)C3 4 0.90 1,00 0,87 0.83 0.83 0.89 
BSBB(SRCB)C4 1 1.02 0.97 0.77 0.85 0.92 0.91 
BSBB(SRCB)C4 2 1.00 0.87 0.92 0.80 0.95 0.91 
BSBB(SRCB)C4 3 0.92 0.90 0.85 0.93 0.95 0.91 
BSBB(SRCB)C4 4 0,97 0.90 0,95 0.87 0,80 0.90 
Table C19. Continued 
— 1984 — 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 0.82 0.90 0.90 0.88 0.88 0.88 
BSAACO x BSBBCO 2 0.95 0.93 0.83 0.73 0.87 0.86 
BSAACO x BSBBCO 3 0.93 0.85 0.80 0.70 0.82 0.82 
BSAACO X BSBBCO 4 0.83 0.78 0.83 0.82 0.87 0.83 
BSAA CI X BSBB CI 1 0.92 0.90 0.88 0.92 0.92 0.91 
BSAA CI X BSBB CI 2 0.92 0.85 0.98 0.75 0.92 0.88 
BSAA CI X BSBB CI 3 0.85 0.97 0.90 0.92 0.87 0.90 
BSAA CI X BSBB CI 4 0.87 0.88 0.93 0.83 0.92 0.89 
BSAA C2 X BSBB C2 1 1.00 0.97 0.87 0.87 0.90 0.92 
BSAA C2 X BSBB C2 2 0.90 0.85 0.78 0.73 0.80 0.81 
BSAA C2 X BSBB C2 3 0.92 0.97 0.92 0.80 0.90 0.90 
BSAA C2 X BSBB C2 4 0.85 0.92 0.97 0.85 0.97 0.91 
BSAA C3 X BSBB C3 1 0.93 0.90 0.90 0.70 0.90 0.87 
BSAA C3 X BSBB C3 2 0.92 0.72 0.90 0.83 0.95 0.86 
BSAA C3 X BSBB C3 3 0.95 0.75 0.85 0.80 0.98 0.87 
BSAA C3 X BSBB C3 4 0.88 0.87 0.88 0.87 0.97 0.89 
BSAA C4 X BSBB C4 1 0.90 0.92 0.87 0.90 0.82 0.88 
BSAA C4 X BSBB C4 2 0.92 0.82 0.82 0.88 0.85 0.86 
BSAA C4 X BSBB C4 3 0.88 0.82 0.87 0.82 0.88 0.85 
BSAA C4 X BSBB C4 4 0.90 0.95 0.93 0.85 0.83 0.89 
BSAACO X 08420x187 -2 1 0.87 0.78 0.85 0.82 0.80 0.82 
BSAACO X 08420x187--2 2 0.85 0.80 0.87 0.73 0.83 0.82 
BSAACO X 08420x187 -2 3 0.85 0.70 0.87 0.77 0.80 0.80 
BSAACO X 08420x187--2 4 0.82 0.83 0.88 0.75 0.85 0.83 
BSAACl X 08420x187--2 1 0.87 0.90 0.92 0.77 0.78 0.85 
BSAACl X 08420x187--2 2 0.82 0.77 0.85 0.75 0.73 0.78 
BSAACl X 08420x187--2 3 0.85 0.82 0.83 0.78 0.77 0.81 
BSAACl X 0s420xl87--2 4 0.88 0.70 0.80 0.78 0.75 0.78 
BSAAC2 X 08420x187--2 1 0.83 0.78 0.92 0.83 0.93 0.86 
BSAAC2 X 08420x187--2 2 0.85 0.82 0.83 0.67 0.83 0.80 
BSAAC2 X 03420x187--2 3 0.87 0.87 0.87 0.77 0.70 0.82 
BSAAC2 X 08420x187-•2 4 0.88 0.77 0.92 0.75 0.84 0.83 
BSAAC3 X 08420x187--2 1 0.88 0.82 0.88 0.90 0.90 0.88 
BSAAC3 X 08420x187-2 2 0.88 0.72 0.87 0.83 0.88 0.84 
BSAAC3 X 03420x187-2 3 0.80 0.80 0.92 0.75 0.95 0.84 
BSAAC3 X 08420x187-2 4 0.85 0.78 0.87 0.83 0.85 0.84 
BSAAC4 X 03420x187-2 1 0.83 0.77 0.85 0.80 0.87 0.82 
BSAAC4 X 08420x187-2 2 0.78 0.77 0.82 0.75 0.73 0.77 
BSAAC4 X 03420x187-2 3 0.85 0.80 0.93 0.80 0.90 0.86 
BSAAC4 X 03420x187-2 4 0.85 0.80 0.80 0.72 0.80 0.79 
Table C19. Continued 
1984 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSBBCO X 03420x187-2 1 0.83 0.80 . 0.97 0.83 0.85 0.86 
BSBBCO X 03420x187-2 2 0.80 0.78 0.92 0.72 0.85 0.81 
BSBBCO X 03420x187-2 3 0.88 0.80 0.87 0.78 0.87 0.84 
BSBBCO X 03420x187-2 4 0.88 0.82 0.87 0.77 0.75 0.82 
BSBBCl X 03420x187-2 1 0.87 0.85 0.92 0.87 0.92 0.89 
BSBBCl X 03420x187-2 2 0.87 0.85 0.88 0.85 0.78 0.85 
BSBBCl X 03420x187-2 3 0.93 0.82 0.85 0.82 0.95 0.87 
BSBBCl X 03420x187-2 4 0.88 0.87 0.90 0.82 0.88 0.87 
BSBBC2 X 03420x187-2 1 0.77 0.75 0.92 0.83 1.00 0.85 
BSBBC2 x 03420x187-2 2 0.92 0.92 0.85 0.78 0.72 0.84 
BSBBC2 X 03420x187-2 3 0.93 0.90 0.90 0.82 0.90 0.89 
BSBBC2 X 03420x187-2 4 0.83 0.88 0.95 0.97 0.88 0.90 
BSBBC3 X 03420x187-2 1 0.88 0.90 0.92 0,87 0.95 0.90 
BSBBC3 X 03420x187-2 2 0.93 0.77 0.87 0.78 0.85 0.84 
BSBBC3 X 03420x187-2 3 0.97 0.85 0.83 0.78 0.95 0.88 
BSBBC3 X 03420x187-2 4 0.87 0.85 0.90 0.75 0.92 0.86 
BSBBC4 X 03420x187-2 1 0.90 0.90 0.90 0.87 0.85 0.88 
BSBBC4 X 03420x187-2 2 0.90 0.82 0.95 0.82 0,93 0.88 
BSBBC4 X 03420x187-2 3 0.88 0.80 0.87 0.82 0.88 0.85 
BSBBC4 X 03420x187-2 4 0.88 0.83 0.88 0.72 0.90 0.84 
B75 X CI31A 1 0.85 0.93 1.00 0.87 0.92 0.91 
B75 X CI31A 2 0.88 0.85 0.88 0.78 1.02 0.88 
B75 X CI31A 3 1.07 0.90 0.97 0.82 1.00 0.95 
B75 X CI31A 4 0.83 0.88 1,02 0.83 0.95 0.90 
B14A X CI03 1 0.77 0.85 0.90 0.93 0.90 0.87 
B14A X C103 2 0.77 0.88 0.92 0,73 0.90 0.84 
B14A X C103 3 1.08 0.87 0.77 0,87 1.03 0.92 
B14A X C103 4 0.87 0.82 0.87 0,80 0.95 0.86 
08420 X 187-2 1 0.78 0.77 0.80 0 . 7 5  0.82 0.78 
09420 X 187-2 2 0.77 0.82 0.82 0 . 6 3  0.80 0.77 
0s420 X 187-2 3 0.78 0.70 0.78 0,67 0.77 0.74 
08420 X 187-2 4 0.73 0.65 0.77 0.72 0.77 0.73 
Mean 0.87 0.83 0.87 0.80 0.86 0.85 
LSD 5% treatment/entry 0.16 0.15 0.13 0.15 0.18 0.07 
LSD 5% entries/treatment 0.15 0.14 0.12 0.14 0.17 0,07 
C.V. (%) 10.6 8.7 9.2 11.2 12.3 10,6 
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Table C20. Mean values for kernel row number under four treatments 
in five environments and combined over environments 
———1964——™ 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO 1 16.9 15.9 15.6 15.6 17.0 16.2 
BSAACO 2 16.2 16.4 15.6 16.1 15.5 15.9 
BSAACO 3 16.1 14.8 15.7 15.8 16.9 15.9 
BSAACO 4 15.6 16.7 16.3 16.3 16.0 16.2 
BSAA(SRCB)C1 1 16.1 16.1 15.3 16.1 16.1 16.0 
BSAA(SRCB)C1 2 16.6 16.7 15.9 14.9 16.3 16.1 
BSAA(SRCB)C1 3 16.5 16.5 15.9 15.0 16.0 16.0 
BSAA(SRCB)C1 4 16.5 16.3 15.2 16.0 16.8 16.2 
BSAA(SRCB)C2 1 16.6 16.1 16.3 15.5 17.0 16.3 
BSAA(SRCB)C2 2 16.5 17.4 15.6 15.6 16.3 16.3 
BSAA(SRCB)C2 3 16.6 18.6 15.5 14.8 17.0 16.5 
BSAA(SRCB)C2 4 15.7 15.7 16.1 15.7 16.5 15.9 
BSAA(SRCB)C3 1 16.0 16.8 16.2 16.0 17.1 16.4 
BSAA(SRCB)C3 2 17.0 15.8 15.9 17.1 16.5 16.5 
BSAA(SRCB)C3 3 17.3 17.6 16.0 17.0 17.8 17.1 
BSAA(SRCB)C3 4 17.3 15.6 15.9 15.5 16.6 16.2 
BSAA(SRCB)C4 1 17.5 16.4 16.2 16.5 16.8 16.7 
BSAA(SRCB)C4 2 17.8 17.4 16.0 16.1 17.2 16.9 
BSAA(SRCB)C4 3 17.0 16.6 16.1 16.7 16.6 16.6 
BSAA(SRCB)C4 4 15.7 16.1 17.1 16.3 17.3 16.5 
BSBBCO 1 17.4 16.0 16.4 15.7 16.9 16.5 
BSBBCO 2 17.2 16.8 16.3 16.4 16.5 16.6 
BSBBCO 3 17.9 17.1 15.7 15.4 16.3 16.5 
BSBBCO 4 17.6 16.4 16.3 16.7 16.1 16.6 
BSBB(SRCB)C1 1 18.6 17.1 16.1 16.8 17.2 17,2 
BSBB(SRCB)C1 2 17.3 17.1 16.8 16.5 18.0 17.1 
BSBB(SRCB)C1 3 17.7 16.9 15.8 16.4 16.8 16.7 
BSBB(SRCB)C1 4 17.5 16.9 16.8 15.0 17.0 16.6 
BSBB(SRCB)C2 1 17.8 18.1 17.4 16.8 17.8 17.6 
BSBB(SRCB)C2 2 17.8 18.1 17.7 17.8 18.6 18.0 
BSBB(SRCB)C2 3 19.4 16.7 16.9 17.7 17.5 17.7 
BSBB(SRCB)C2 4 19.1 15.9 16.8 16.8 17.6 17.3 
BSBB(SRCB)C3 1 18.2 17.6 17.3 17.3 17.0 17.5 
BSBB{SRCB)C3 2 18.3 17.6 17.5 16.8 18.0 17.7 
BSBB(SRCB)C3 3 18.3 17.8 17.4 16.5 18.2 17.6 
BSBB(SRCB)C3 4 17.3 17.8 16.8 16.6 18.3 17.4 
BSBB(SRCB)C4 1 18.1 17.4 16.9 16.6 17.2 17.2 
BSBB(SRCB)C4 2 18.0 17.8 16.5 16.9 18.1 17.5 
BSBB(SRCB)C4 3 17.5 16.7 16.5 17.2 17.2 17.0 
BSB8(SRCB)C4 4 18.4 18.6 17.0 16.9 17.0 17,6 
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Table C20. Continued 
— — — — 1984--—— 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 16.8 16.8 15.3 16.0 16.3 16.2 
BSAACO X BSBBCO 2 17.4 17.0 15.8 15.6 16.1 16.4 
BSAACO X BSBBCO 3 17.1 17.4 15.8 15.5 16.4 16.4 
BSAACO X BSBBCO 4 16.6 16.2 16.4 16.9 16.4 16.5 
BSAA CI X BSBB CI 1 17.4 16.6 17.3 17.1 17.4 17.2 
BSAA CI X BSBB CI 2 17.7 18.3 17.3 16.7 17.1 17.4 
BSAA CI X BSBB CI 3 17.3 17.3 16.1 16.6 17.6 17.0 
BSAA CI X BSBB CI 4 17.1 16.4 16.5 15.9 18.0 16.8 
BSAA C2 X BSBB C2 1 18.7 17.8 16.4 16.9 17.5 17.5 
BSAA C2 X BSBB C2 2 17.4 17.3 16.1 17.2 17.8 17.2 
BSAA C2 X BSBB C2 3 17.3 17.9 16.6 16.1 17.3 17.0 
BSAA C2 X BSBB C2 4 17.7 17.6 17.0 16.4 17.5 17.2 
BSAA C3 X BSBB C3 1 19.0 18.6 18.4 17.2 17.9 18.2 
BSAA C3 X BSBB C3 2 19.3 17.5 17.5 16.8 17.7 17.7 
BSAA C3 X BSBB C3 3 18.7 17.2 16.8 16.3 18.6 17.5 
BSAA C3 X BSBB C3 4 17.8 18.1 17.1 16.2 18.6 17.6 
BSAA C4 X BSBB C4 1 17.9 17.8 16.5 16.3 17.2 17.1 
BSAA C4 X BSBB C4 2 18.8 17.4 16.1 17.4 16.6 17.3 
BSAA C4 X BSBB C4 3 17.3 17.6 17.5 16.6 18.4 17.5 
BSAA C4 X BSBB C4 4 18.6 17.4 17.7 14.6 18.1 17.3 
BSAACO X 0s420xl87 -2 1 16.6 15.6 16.5 16.4 17.1 16.4 
BSAACO X 08420x187 -2 2 17.1 17.5 15.7 15.7 17.4 16.7 
BSAACO X 08420x187--2 3 17.3 16.0 15.8 15.1 16.4 16.1 
BSAACO X 08420x187 -2 4 17.1 15.8 16.2 16.0 17.5 16.5 
BSAACl X 03420x187--2 1 17.7 16.9 16.5 17.0 17.2 17.1 
BSAACl X 08420x187--2 2 17.3 17.2 16.3 16.7 17.7 17.1 
BSAACl X 0s420xl87--2 3 17.2 16.6 16.1 15.7 17.2 16.6 
BSAACl X 08420x187--2 4 17.9 15.9 16.1 16.8 16.5 16.6 
BSAAC2 X 0s420xl87--2 1 16.8 16.4 15.7 16.9 16.9 16.5 
BSAAC2 X 08420x187--2 2 17.0 16.5 16.8 16.1 17.3 16.7 
BSAAC2 X 03420x187--2 3 16.9 17.8 15.0 15.6 16.6 16.4 
BSAAC2 X 03420x187--2 4 18.0 15.9 15.7 15.9 16.9 16.5 
BSAAC3 X 03420x187--2 1 17.5 16.9 16.1 17.0 17.5 17.0 
BSAAC3 X 03420x187--2 2 17.1 16.3 16.6 14.4 17.5 16.4 
BSAAC3 X 08420x187-•2 3 17.2 17.7 16.7 15.1 16.8 16.7 
BSAAC3 X 03420x187-•2 4 17.2 17.0 15.9 14.9 17.0 16.4 
BSAAC4 X 03420x187-•2 1 17.7 15.3 15.5 17.7 16.7 16.6 
BSAAC4 X 08420x187-•2 2 16.7 17.2 15.6 16.2 17.6 16.6 
BSAAC4 X 03420x187--2 3 16.7 17.1 16.7 16.7 16.6 16.8 
BSAAC4 X 03420x187-2 4 17.0 16.7 16.2 16.4 16.8 16.6 
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Table C20. Continued 
' 
Entry 
1984 —1985 1986 Coin— 
Trt Ames Ankeny Ames Ankeny Ames bined 
cm 
BSBBCO X 08420x187-2 1 16.9 16.7 . 16.7 16.5 16.8 16.7 
BSBBCO X 08420x187-2 2 17.4 17.1 15.8 15.5 16.6 16.5 
BSBBCO X 08420x187-2 3 17.5 16.8 16.2 16.2 17.1 16.8 
BSBBCO X 08420x187-2 4 17.8 16.8 16.2 16.2 16.6 16.7 
BSBBCl X 08420x187-2 1 17.1 16.3 16.7 16.1 17.3 16.7 
BSBBCl X 08420x187-2 2 17.5 17.2 16.4 15.8 17.6 16.9 
BSBBCl X 08420x187-2 3 17.5 17.1 16.2 16.9 17.4 17.0 
BSBBCl X 08420x187-2 4 17.5 17.4 15,4 15.9 17.5 16.7 
BSBBC2 X 08420x187-2 1 17.5 16.6 16.7 17.5 17.8 17.2 
BSBBC2 X 08420x187-2 2 17.1 17.6 16.4 16.0 17.5 16.9 
BSBBC2 X 08420x187-2 3 17.8 17.4 16.2 16.7 18.3 17.2 
BSBBC2 X 08420x187-2 4 17.7 16.9 16.9 17.0 17.4 17.2 
BSBBC3 X 08420x187-2 1 17.7 17.0 16.6 16,8 17.1 17.0 
BSBBC3 X 08420x187-2 2 16.5 16.4 15.4 16.0 16.9 16.3 
BSBBC3 X 08420x187-2 3 17.2 16.7 15.4 17.2 17.1 16.7 
BSBBC3 X 08420x187-2 4 16.9 16.9 16.4 15.5 16.8 16.5 
BSBBC4 X 03420x187-2 1 16.6 16.9 16,3 16.3 16.9 16.6 
BSBBC4 X 08420x187-2 2 16.8 16.8 16.8 17.0 17.0 16.9 
BSBBC4 X 08420x187-2 3 17.2 16.5 16,7 15.5 16.9 16.6 
BSBBC4 X 08420x187-2 4 16.7 16.4 15,5 15.4 17.1 16.2 
B75 X CI31A 1 15.5 15.7 15,2 14.9 14.9 15.2 
B75 X CI31A 2 15.1 15.3 14,8 14.7 15.2 15.0 
B75 X CI31A 3 15.7 15.8 15,0 14.7 15.7 15.4 
B75 X CI31A 4 15.3 15.1 15,5 15.2 15.8 15.4 
B14A X C103 1 14.7 14.7 14,2 15.2 14.3 14.7 
B14A X C103 2 14.8 14.7 14.4 14.7 14.7 14.7 
B14A X C103 3 14.9 14.5 13.9 14.3 14.3 14.4 
B14A X C103 4 14.4 14.9 13.7 14.1 14.1 14.2 
03420 X 187-2 1 16.1 15.2 15.3 15.5 16.4 15.7 
08420 X 187-2 2 16.4 15.7 15.1 14.9 16.3 15.7 
08420 X 187-2 3 15.9 15.2 15.2 14.3 15.7 15.3 
0s420 X 187-2 4 16.3 15.2 14.6 15.8 16.1 15.6 
Mean 17.2 16.7 16.2 16.1 16.9 16.6 
LSD 5 %  treatment/entry 1.3 1.6 1.4 1.6 1.3 0.6 
LSD 5 %  entries/treatment 1.2 1.5 1.3 1.5 1.2 0.6 
C.V. (%) 4.5 4.6 5.1 5.9 4.6 5.0 
Table C21. Mean values for 300-kernel weight under four treatments 
in five environments and combined over environments 
1984 1985 1986 Corn-









































82.1 72.9 95.3 
76.8 77.8 90.9 
82.6 77.8 93.5 
68.7 71.9 91.4 
83.4 78.6 96.4 
75.8 73.0 89.9 
78.5 75.4 92.6 
70.1 63.6 89.0 
81.2 76.3 94.6 
76.7 70.6 96.6 
82.9 72.0 90.0 
80.6 80.9 92.8 
77.3 80.7 95.6 
78,8 82.0 89.7 
83.9 83.2 93.7 
78.1 76.3 90.1 
78.6 85.0 100.0 
82.4 79.1 94.4 
76.3 78.5 98.4 
78.7 77.0 89.7 
73.4 67.0 91.6 
68.0 63.4 84.8 
71.5 68.2 82.8 
65.1 73.5 81.0 
77.9 71.0 95.1 
79.0 72.1 91.2 
73.0 81.0 91.9 
74.1 76.5 89.6 
75.3 65.8 92.9 
76.0 73.7 83.8 
75.9 78.7 89.3 
69.8 70.6 92.4 
74.1 71.5 89.8 
72.2 59.7 88.7 
70.8 70.4 83.8 
72.9 64.5 86.3 
78.4 66.2 85.8 
68.9 71.5 85.8 
75.5 68.7 82.2 
66.4 72.4 84.7 
77.6 82.0 82.0 
77.2 85.1 81.5 
82.8 75.1 82.4 
76.9 84.2 78.6 
85.5 69.2 82.6 
78.9 80.1 79.5 
70.3 68.0 77.0 
67.3 76.9 7a. 4 
81.2 79.9 82.7 
76.7 83.2 80.8 
83.6 82.0 82.1 
89.7 85.1 85.8 
81.4 86.0 84.2 
78.7 81.3 82.1 
76.4 81.5 83.7 
84.8 81.5 82.2 
89.7 83.8 87.4 
83.7 68.8 81.7 
83.6 80.3 83.4 
81.7 76.2 80.7 
75.2 78.2 77.1 
66.0 68.8 70.2 
74.9 68.9 73.2 
71.6 77.1 73.7 
76.3 88.2 81.7 
72.2 82.6 79.4 
77.6 79.1 80.5 
81.6 77.2 79.8 
78.2 79.2 78.3 
68.0 77.8 75.8 
69.4 79.0 78.5 
77.3 78.9 77.8 
79.1 72.8 77.5 
7 1 . 1  68.6 72.0 
71.1 69.7 73.2 
76.8 83.2 76.7 
79.1 70.6 76.0 
68.4 78.8 74.7 
79.0 79.5 77.0 
70.6 70.6 73.0 
Table C21. Continued 
1984 -- 1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSAACO X BSBBCO 1 80.0 77.7 97.1 
S 
79.3 81,0 83.0 
BSAACO X BSBBCO 2 74.5 72.0 86.7 75.8 84.5 78.7 
BSAACO X BSBBCO 3 76.8 71.5 91.5 71.6 69.2 76.1 
BSAACO X BSBBCO 4 74.8 66.8 90.6 77.3 90,9 80.1 
BSAA CI X BSBB CI 1 74.6 71.7 90.4 81.9 70.8 77.9 
BSAA CI X BSBB CI 2 70.1 69.5 90.5 72.8 76.1 75.8 
BSAA CI X BSBB CI 3 73.0 73.9 97.7 78.0 76.5 79.8 
BSAA CI X BSBB CI 4 78.6 68.1 91.2 71.2 78.5 77.5 
BSAA C2 X BSBB C2 1 76.5 71.1 94.5 79.8 77.3 79.8 
BSAA C2 X BSBB C2 2 75.9 73.0 88.4 74.1 66.8 75.6 
BSAA C2 X BSBB C2 3 83.0 82.3 94.0 81.7 77.3 83.7 
BSAA C2 X BSBB C2 4 74.1 76.5 90.5 79.3 83.3 80.7 
BSAA C3 X BSBB C3 1 74.7 68.6 85.6 79.2 85.3 78.7 
BSAA C3 X BSBB C3 2 71.7 69.8 86.9 69.0 79,0 75.3 
BSAA C3 X BSBB C3 3 79.7 71.0 91.2 82.0 82.9 81.4 
BSAA C3 X BSBB C3 4 73.7 74.0 88.7 82.1 82.1 80.1 
BSAA C4 X BSBB C4 1 82.0 73.6 94.8 79.5 78.2 81.6 
BSAA C4 X BSBB C4 2 71.9 81.0 87.6 78.6 87.4 81.3 
BSAA C4 X BSBB C4 3 77.5 73,7 88.1 77,8 81.0 79.6 
BSAA C4 X BSBB C4 4 79.5 69.4 90.1 85.8 75.2 80.0 
BSAACO X 09420x187 -2 1 78.8 72,5 92.1 75.1 63.6 76.4 
BSAACO X 08420x187--2 2 69.0 62.5 90.7 68.4 71.9 72.5 
BSAACO X 08420x187 -2 3 68.6 68.2 89.0 74.6 73.9 74.9 
BSAACO X 08420x187 -2 4 71.6 62.6 96.1 68.3 78.1 75.3 
BSAACl X 03420x187--2 1 69,7 76.2 96.0 69,7 69,9 76,3 
BSAACl X 08420x187--2 2 73.6 61.5 85.0 69.4 72.4 72.4 
BSAACl X 03420x187--2 3 76.8 65.8 93.7 72.4 74.8 76,7 
BSAACl X 03420x187--2 4 66.5 62.0 88.1 65,7 71,7 70.8 
BSAAC2 X 03420x187--2 1 75.6 75.2 93,4 74,9 72.0 78.2 
BSAAC2 X 03420x187--2 2 76.7 65.7 87.9 67.0 70.7 73.6 
BSAAC2 X 03420x187--2 3 72.9 70,5 89.8 72.9 68.0 74.8 
BSAAC2 X 08420x187--2 4 66.8 67,0 92.6 69.0 73.9 73.9 
BSAAC3 X 03420x187--2 1 81.3 71.7 98.1 85.7 76,3 82,6 
BSAAC3 X 03420x187--2 2 80.3 60,2 91.5 84.9 70.7 77.5 
BSAAC3 X 03420x187--2 3 76.5 72.1 94,5 79,8 79.3 80.4 
BSAAC3 X 08420x187--2 4 80.7 62.8 97,9 84,8 79.3 81.1 
BSAAC4 X 08420x187--2 1 70.9 78,0 92,3 77,8 77,2 79,2 
BSAAC4 X 08420x187-•2 2 75.5 65.6 97.7 78,1 60,3 75.4 
BSAAC4 X 03420x187-2 3 78.7 69.5 96,3 76,5 78,6 79,9 
BSAAC4 X 03420x187-2 4 80.2 64.0 96.1 72.0 68,5 76.2 
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Table C21. Continued 
1984 —  — -  —  1985 1986 Com­
Entry Trt Ames Ankeny Ames Ankeny Ames bined 
BSBBCO X 08420x187-2 1 68.5 59.4 94.7 
S 
73.7 66.7 72.6 
BSBBCO X 08420x187-2 2 73.5 62.8 87,3 63.7 58,4 69.2 
BSBBCO X 03420x187-2 3 68.7 60.5 88.5 71.5 74.3 72.7 
BSBBCO X Os420xl87-2 4 70.2 61.7 92.4 69.1 57.3 70.2 
BSBBCl X 08420x187-2 1 77.5 68.1 84.7 73.6 80.5 76.9 
BSBBCl X 08420x187-2 2 73.6 65.5 89.5 71.1 69.0 73.7 
BSBBCl X Os420xl87-2 3 77.3 72.1 88.5 73.1 78.3 77.8 
BSBBCl X 08420x187-2 4 74.0 66.3 89.2 70.8 72.1 74.5 
BSBBC2 X 08420x187-2 1 67.2 64.7 88.3 69.4 76.2 73.2 
BSBBC2 X Os420xl87-2 2 78.6 72.7 89.2 63.5 60,0 72.8 
BSBBC2 X 08420x187-2 3 75.2 67.5 93.9 74.0 79.3 78.0 
BSBBC2 X 08420x187-2 4 70.1 72,2 91.6 69.7 76.1 75.9 
BSBBC3 X 08420x187-2 1 74.9 66.0 94.6 72.8 79,5 77.6 
BSBBC3 X 08420x187-2 2 77.0 65.8 92.0 69.2 67.8 74.4 
BSBBC3 X 08420x187-2 3 75.9 68.0 91.7 67.8 75,1 75.7 
BSBBC3 X 08420x187-2 4 70.1 65.7 90.7 70.3 69,4 73.2 
BSBBC4 X 03420x187-2 1 77.4 64.7 90.9 80.1 67,7 76.2 
BSBBC4 X 08420x187-2 2 71.8 64.4 95.1 67.4 72.6 74.2 
BSBBC4 X 03420x187-2 3 77.0 67.8 86.3 72.1 70.5 74.8 
BSBBC4 X 08420x187-2 4 75.1 63.5 91.6 73.8 75.5 75.9 
B75 X CI31A 1 77.7 81.5 88.2 76.9 74.0 79.7 
B75 X CI31A 2 87.0 72.5 89.8 69.2 84.3 80.6 
B75 X CI31A 3 83.1 69.8 93.2 72.2 85.9 80.8 
B75 X CI31A 4 74.4 83.7 90.8 71.5 86.2 81.3 
B14A X C103 1 104.9 103.5 124.3 110.0 126.2 113.8 
B14A X CI03 2 112.0 103,0 117.5 94.2 115,5 108.5 
B14A X C103 3 115.6 104.5 112.8 99.3 119.5 110.4 
B14A X C103 4 110.9 90.0 117.3 85.7 121.4 105.0 
08420 X 187-2 1 68.1 65.4 81.8 59.3 62.3 67,4 
08420 X 187-2 2 63.7 59.6 85.0 54.2 57.7 64.0 
08420 X 187-2 3 65.8 59.9 88.2 62.3 65.1 68.3 
08420 X 187-2 4 60.4 51.4 89.3 59.3 60.6 64.2 
Mean 76.3 71.5 91.8 75.6 77.1 78.5 
LSD 5% treatment/entry 12.3 13.8 9.3 10.1 14.1 5.2 
LSD 5% entries/treatment 10.1 13.6 9.0 10.0 13.9 5.1 
C.V. (%) 8.2 9.6 6,1 8.2 11.2 8.7 
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Table C22. Mean values for grain yield under four treatments 
in five environments and combined over environments 
— — — — — — — — 1 9 8 6 — — — — —  1 9 8 6  C o m —  
Entry Trt Ames Ankeny Ames Ankeny Ames blned 
Mg/ha 
BSAACO 1 7.19 6.43 5.99 3.82 7.21 6.13 
BSAACO 2 5.77 6.71 5.03 4.69 6.39 5.72 
BSAACO 3 7.25 5.84 7.18 5.99 7.28 6.71 
BSAACO 4 5.58 6.41 6.24 4.82 6.75 5.96 
BSAA(SRCB)C1 1 8.11 5.51 6.70 4.85 6.31 6.30 
BSAA(SRCB)C1 2 7.06 6.01 6.16 4.21 6.22 5.93 
BSAA(SRCB)C1 3 7.27 7.52 7.64 3.98 7.04 6.69 
BSAA(SRCB)C1 4 6.15 6.39 6.23 4.18 6.84 5.96 
BSAA(SRCB)C2 1 6.94 7.18 6.70 4.58 6.31 6.34 
BSAA(SRCB)C2 2 6,76 6.60 5.38 3,88 7.49 6.02 
BSAA(SRCB)C2 3 6.38 6.33 5.61 3.83 6.76 5.78 
BSAA(SRCB)C2 4 5.41 6.33 6.78 5.21 6.79 6.10 
BSAA(SRCB)C3 1 6.50 6.31 4.32 3.75 6.43 5.46 
BSAA(SRCB)C3 2 6.64 5.69 4.96 3.26 4.66 5.04 
BSAA(SRCB)C3 3 6.57 6.83 4.59 4.87 6.03 5.78 
BSAA(SRCB)C3 4 5.89 5.24 5.33 2.95 5,09 4.90 
BSAA(SRCB)C4 1 5.93 5.15 4.31 3.82 5.67 4.98 
BSAA(SRCB)C4 2 5.91 5.80 4.18 3.46 4.49 4.77 
BSAA(SRCB)C4 3 6.32 5.31 4.35 3.88 6.15 5.20 
BSAA(SRCB)C4 4 4.81 4.20 4.79 5.23 4.78 4.76 
BSBBCO 1 8.29 6.61 7.98 5.56 10.04 7.70 
BSBBCO 2 7.78 6.37 7.49 4.68 6.45 6.55 
BSBBCO 3 7.43 5.34 7.80 5.08 7.73 6.68 
BSBBCO 4 7.25 6.53 7.43 4.57 7.61 6.68 
BSBB(SRCB)C1 1 7.67 7.19 7.99 5.63 8.91 7.48 
BSBB(SRCB)C1 2 7.04 7.64 7.62 4.37 7.81 6.90 
BSBB(SRCB)C1 3 7.37 8.68 7.48 4.76 6.58 6.97 
BSBB(SRCB)C1 4 6.76 6.82 6.84 4.47 8.22 6.62 
BSBB(SRCB)C2 1 7.92 7.41 8.38 5.72 8.10 7.51 
BSBB(SRCB)C2 2 8.62 8.09 7.42 4.78 8.07 7.40 
BSBB(SRCB)C2 3 8.14 8.09 6.25 5.57 7.35 7.08 
BSBB{SRCB)C2 4 7.47 8.46 7.61 4.23 7.43 7.04 
BSBB(SRCB)C3 1 7.78 7.12 7.47 5.23 8.18 7.16 
BSBB(SRCB)C3 2 7.49 5.82 7.40 3.87 8.31 6.58 
BSBB(SRCB)C3 3 7.38 6.95 6.65 4.51 7.79 6.66 
BSBB(SRCB)C3 4 6.70 7.28 6.97 3.80 8.72 6.69 
BSBB(SRCB)C4 1 7.05 6.50 5.08 5.43 6.35 6.08 
BSBB(SRCB)C4 2 6.80 8.10 6.71 4.59 6.51 6.54 
BSBB(SRCB)C4 3 7.33 6.08 6.23 4.57 7.69 6.38 
BSBB(SRCB)C4 4 6.76 6.80 6.64 4.44 6.88 6.30 
Table C22. Continued 
1984 1985 1986 Com­
Entry Trt Ames Ankeny Ame8 Ankeny Ames bined 
BSAACO X BSBBCO 1 8.26 7.06 7.36 6.11 8.53 7.46 
BSAACO X BSBBCO 2 7.99 7.08 7.87 4.40 8.01 7.07 
BSAACO X BSBBCO 3 8.13 7.44 6.52 4.47 6.97 6.71 
BSAACO X BSBBCO 4 6.91 6.45 7.57 6.07 7.32 6.86 
BSAA CI X BSBB CI 1 8.31 6.57 8.09 6.94 9.24 7.83 
BSAA CI X BSBB CI 2 7.88 7.87 7.82 4.49 8.01 7.21 
BSAA CI X BSBB CI 3 8.05 8.35 7.13 6.38 8.10 7.60 
BSAA CI X BSBB CI 4 7.84 7.00 7.81 4.80 8.12 7.11 
BSAA C2 X BSBB C2 1 8.56 6.73 7.46 6.56 8.53 7.57 
BSAA C2 X BSBB C2 2 8.08 7.44 7.84 4.65 6.86 6.97 
BSAA C2 X BSBB C2 3 8.15 7.88 8.12 4.73 7.04 7,18 
BSAA C2 X BSBB C2 4 7.30 7.58 7.50 5.58 8.53 7.30 
BSAA C3 X BSBB C3 1 7.99 7.03 6.56 4.16 9.78 7.10 
BSAA C3 X BSBB C3 2 7.78 7.63 6.38 5.20 7.94 6.99 
BSAA C3 X BSBB C3 3 9.05 7.28 6.81 5.62 9.42 7.64 
BSAA C3 X BSBB C3 4 7.48 8.01 6.30 5.85 8.95 7.32 
BSAA C4 X BSBB C4 1 7.68 7.61 5.76 5.93 8.21 7.04 
BSAA C4 X BSBB C4 2 7.04 6.49 5.16 5.19 7.45 6.27 
BSAA C4 X BSBB C4 3 7.65 7.59 5.65 4.76 7.01 6.53 
BSAA C4 X BSBB C4 4 7.79 5.72 5.98 4.33 6.83 6.13 
BSAACO X 08420x187 -2 1 8.34 6.46 7.76 6.08 6.83 7.09 
BSAACO X 08420x187 -2 2 8.30 7.41 7,13 4.85 7.18 6,97 
BSAACO X 08420x187 -2 3 7.78 6.48 7.18 4.38 8.17 6.80 
BSAACO X 08420x187--2 4 7.56 6.18 6.58 3,96 6.40 6.14 
BSAACl x 08420x187--2 1 8.35 7.56 8.33 6.02 7.08 7.47 
BSAACl X 08420x187--2 2 8.47 6.50 7.25 4,52 6.61 6.67 
BSAACl X 08420x187--2 3 8.80 6.99 7.93 4.55 7.84 7.22 
BSAACl X 08420x187--2 4 7.35 5.58 6.29 4.77 7.25 6.25 
BSAAC2 X 08420x187--2 1 7.62 7.85 7.15 5.92 7.78 7.26 
BSAAC2 X 08420x187--2 2 7.66 6.97 7.21 4.59 8.08 6.90 
BSAAC2 X 08420x187--2 3 8.10 8.51 6.51 4.52 6.89 6.91 
BSAAC2 X 08420x187-2 4 8.05 6.72 7.46 4.35 7.90 6.90 
BSAAC3 X 0s420xl87--2 1 7.52 5.48 7.08 5.79 7.27 6.63 
BSAAC3 X 08420x187-2 2 7.38 4.46 6.26 3.35 7.22 5.73 
BSAAC3 X 03420x187-•2 3 7.64 7.69 5,53 4.30 8.22 6.68 
BSAAC3 X 08420x187-2 4 7.31 6.64 6.24 3.93 6.79 6.18 
BSAAC4 X 08420x187-•2 1 6.47 7.21 6.74 6.36 7.52 6.86 
BSAAC4 X 08420x187-2 2 7.59 6.88 5.81 5.16 7.91 6.67 
BSAAC4 X 08420x187-•2 3 8.00 7.18 6.40 4.99 7.30 6.77 
BSAAC4 X 08420x187-2 4 7.61 6.41 6.12 4.46 6.70 6.26 
Table C22. Continued 
1 9 8 4  1 9 8 5  1 9 8 6  Com­
Entry Trt Ame8 Ankeny Ames Ankeny Ames bined 
-- ng/na 
BSBBCO X  0 s 4 2 0 x l 8 7 - 2  1 7 . 3 0  6 . 6 8  8 . 7 8  5 . 8 0  6 . 3 6  6 . 9 8  
BSBBCO X  08420x187-2 2  7 . 5 6  5 . 9 1  6 . 7 1  4 . 7 2  6 . 4 5  6 . 2 7  
BSBBCO X  08420x187-2 3  8 . 2 1  6 . 3 9  7 . 4 0  6 , 0 2  8 . 0 4  7 . 2 1  
BSBBCO X 0 8 4 2 0 x 1 8 7 - 2  4 8 . 2 5  6 . 7 1  7 . 8 8  4 . 9 7  5 . 6 3  6 . 6 9  
BSBBCl X  0 8 4 2 0 x 1 8 7 - 2  1  7 . 8 4  7 . 5 6  8 . 4 0  6 . 8 0  8 . 4 4  7 . 8 1  
BSBBCl X  08420x187-2 2 8 . 4 0  7.27 8 . 6 3  5 . 1 4  6 . 3 6  7 . 1 6  
BSBBCl X  08420x187-2 3  8 , 0 9  8 . 5 9  7 , 2 4  5 . 3 9  8 . 6 2  7 . 5 9  
BSBBCl X 08420x187-2 4 7 . 8 3  7 . 8 1  6 . 8 0  4 . 7 3  7 . 3 8  6 . 9 1  
BSBBC2 X  08420x187-2 1 7.12 5 . 9 5  8 , 3 5  5 . 7 5  8 , 3 3  7 . 1 0  
BSBBC2 X 08420x187-2 2 8.82 7 . 3 7  7 . 5 2  3 . 9 5  6 . 3 1  6 . 7 9  
BSBBC2 X  08420x187-2 3  8 . 6 7  7 . 8 8  7.72 5 , 1 7  8 . 4 6  7 . 5 8  
BSBBC2 X  08420x187-2 4 7 . 2 8  7 . 6 1  7 . 3 2  4 . 1 9  8 . 2 6  6 . 9 3  
BSBBC3 X  0 s 4 2 0 x l 8 7 - 2  1 9 . 1 8  8 . 1 3  8 , 6 5  5 . 5 3  9 . 8 6  8 . 2 7  
BSBBC3 X  0 8 4 2 0 x 1 8 7 - 2  2  8 . 1 6  7 . 8 7  7 . 4 9  4 . 9 0  6 . 7 9  7 . 0 4  
BSBBC3 X  0 s 4 2 0 x l 8 7 - 2  3  9 . 3 7  7 . 3 0  6 . 6 1  4 , 2 8  9.10 7 . 3 3  
BSBBC3 X  0 8 4 2 0 x 1 8 7 - 2  4 7 . 7 5  7 . 4 2  7 . 5 2  2.82 7 . 5 4  6 . 6 1  
BSBBC4 X  08420x187-2 1 7 . 7 8  7 . 5 9  7 . 7 9  7 . 0 9  7 , 4 0  7 . 5 3  
BSBBC4 X 08420x187-2 2 8 . 3 9  6 . 8 9  6 . 7 0  4 . 6 9  6 , 7 9  6 . 6 9  
BSBBC4 x 08420x187-2 3  8 . 3 7  6 . 6 2  7 . 6 4  4 . 7 1  8 , 2 3  7 . 1 1  
BSBBC4 X 08420x187-2 4  7 . 9 1  5 . 9 4  7 . 3 4  3 . 6 9  8 . 2 4  6 , 6 2  
B75 X  CI31A 1 7 . 6 0  8 . 2 7  8.12 6 . 5 5  7 , 7 3  7 , 6 5  
B75 X  CI31A 2 9 . 6 0  7.10 7 . 8 2  5 . 8 8  9 . 4 5  7 , 9 7  
B75 X CI31A 3  9 . 3 5  7.12 8 . 6 1  6 . 0 4  9 , 3 1  8 . 0 9  
B75 X CI31A 4 7 . 4 6  8 . 4 9  8 . 6 3  6 . 3 6  9 . 4 0  8 . 0 7  
B14A X  C103 1 6 . 9 9  9.01 9 . 3 4  8 . 7 6  11,08 9 . 0 4  
B14A X C103 2  7 . 3 8  9 . 1 6  7 . 5 7  0 . 3 2  10,08 8.10 
B14A X  C103 3  7.02 8 . 3 2  7 , 1 3  6 , 3 1  10.08 7.77 
B14A X C103 4  7.22 7 . 1 3  8 . 1 1  4 . 7 2  10.92 7 . 6 2  
08420 X 187-2 1 8 . 3 4  7 . 1 6  7 . 4 5  4 . 7 9  7 ,  8 8  7 . 1 2  
08420 X 187-2 2  7 . 1 5  6 . 9 5  7 . 4 8  2 , 5 3  6 . 5 2  6 . 1 3  
08420 X 187-2 3  7 . 9 1  6 . 0 5  5 . 0 9  3 . 5 1  7 . 7 4  6 . 0 6  
0 s 4 2 0  X  1 8 7 - 2  4  7.10 4 . 9 4  5 . 7 1  4 . 0 9  6 . 1 9  5 . 6 1  
Mean 7 . 5 6  6 . 9 4  6 . 9 3  4 . 9 1  7 . 5 6  6 . 7 8  
LSD 5% treatment/entry 1 . 8 4  2.22 1.92 1 . 7 3  1 . 9 5  0 . 8 4  
LSD 5% entries/treatment 1 . 5 7  2.09 1 , 8 3  1.66 1.92 0.81 
C.V. (%) 12.9 1 5 . 3  1 6 . 4  21.0 1 5 . 8  16.0 
Table C23. Analysis of variance for plant height, ear height, ear length, ear diameter, row 
number, and grain yield for BSAACO and BSAA(SRCB)C4 populations, selfs, and cross 
evaluated in seven environments 
Mean Squares 
Plant Ear Ear Ear Row Grain 
Source height height length diameter number yield 
Environments (Env) 6 3715. 8** 660. 1** 63. 15** 0. 2284** 3. 20* 11, .38** 
Replications/Env 14 187, .4 152. ,7»* 5. 24 0. ,0531 0. ,61 1 .09 
Genotypes 4 5859. ,7*» 2642. 6** 130. 56** 1. 2530** 8. ,03** 47 .06** 
Populations (Pop) 2 4088. 1** 2092. ,0** 52. 52** 0. ,1719* 0. ,96 15 .83** 
Cycles 1 8176, .1** 4041. ,5** 104. ,34** 0. ,3259** 0. ,00 31 .56** 
Cycles vs Cross 1 0 ,0 142 .5 0. ,70 0. ,0179 1. 93 0 .19 
Selfs 1 5038. 1** 3172. 0** 106. 24** 0. 2917** 0. ,74 21 .22** 
Pop vs Selfs 1 10224 .5** 3214 
.2** 310. ,94** 4, ,3750** 29, .44** 135 .39** 
Genotypes x Env 24 171 ,9 92 .5 5 .32 0, .0673 1, .22 1 .58** 
Error 56 111 .5 60 .8 3 .39 0 .0402 1 .09 0 .64 
Total 104 
C.V. 5 .7 9 .1 14 .0 4 .8 6 .6 16 .9 
•,**Slgnifleant at the 0.05 and 0.01 probability levels, respectively. 
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Table C24. Analysis of variance and genetic parameters for ears per 
plant, kernel depth, and 300-kernel weight for BSAACO and 
BSAA(SRCB)C4 populations, selfs, and cross evaluated in 
seven environments 
Mean squares 
Ears/ Kernel Kernel 
Source d.f. plant depth weight 
Environments (Env) 6 0.1575** 0.0761** 678.1** 
Replications/Env 14 0.0159 0.0086 221.5 
Genotypes 4 0.1851** 0.1649** 252.8 
Populations (Pop) 2 0.0311 0.0201 411.4 
Cycles 1 0.0466 0.0315 576.5 
Cycles vs Cross 1 0.0156 0.0087 246.4 
Selfs 1 0.3260** 0.0434 48.6 
Pop vs Selfs 1 0.3524** 0.5761** 139.6 
Genotype x Env 24 0.0248* 0.0165* 395.6** 






AO 0.843 + 0.076 0.481 0.063 67.06 + 3 .65 
DO 0.052 0.049 0.155 + 0.040 4.47 + 2 ,31 
AL -0.036 + 0.014 -0.009 + 0.011 -0.74 + 0, ,65 
DL 0.036 + 0.020 -0.004 + 0.016 1.54 0, ,96 
DQ -0.002 + 0.003 0.002 + 0.002 -0.12 0, 12 
2Apa 0.0 0.000 -0.026 + 0.0003 1.58 + 1. 34 
*,**Significant at the 0.05 and 0.01 probability level, 
respectively. 
Table C25. Analysis of variance for plant height, ear height, ear length, ear diameter, row 
number, and grain yield for BSBBCO and BSBB(SRCB)C4 populations, selfs, and cross 
evaluated in seven environments 
Mean Squares 
Plant Ear Ear Ear Row Grain 
Source height height length diameter number yield 
Environments (Env) 6 4228. 743. ,4** 10. ,13^  ^ 0. 0799 2. 652** 1. 048 
Replications/Env 14 199. 5 92. ,4 2. 98 0. 0852** 0. 771 1 .357 
Genotypes 4 2444. 4»» 901, ,0^  ^ 65. Ol^  ^ 0. 6899** 5. 270** 27. 000** 
Populations (Pop) 2  182 .3 137. 3 41 .12** 0. 1630* 3. 139* 6 .570** 
Cycles 1  44 .0 123. 4 80. 92*^  0. 2288* 4. 469* 4. 167* 
Cycles vs Cross 1 320 .6 151, .1 1. 33 0. 0972 1. 809 8 .966** 
Selfs 1 384 .0 500 .6^  3 .37 0. 7467** 8. 777** 0 .394 
Pop vs Selfs 1 9028 .9*^  2828 174 .43** 1. 6869** 6. 024** 94 .480** 
Genotypes x Env 24 172 .5 110 .9 1 .77 0. 0445 0. 770 1 .055 
Error 5 6  119 .0 82 .5 2 .64 0. 0353 0. 687 0 .801 
Total 104 
C.V. 5 .5 9 .6 11 .9 4. 2 5. ,0 15 .7 
*,••Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table C26. Analysis of variance and genetic parameters for ears per 
plant, kernel depth, and 300-kernel weight for BSBBCO and 
BSBB(SRCB)C4 populations, selfs, and cross evaluated in 
seven environments 
Mean squares 
Ears/ Kernel Kernel 
Source d.f. plant depth weight 
Environments (Env) 6 0.0211* 0.0443 998.2** 
Replications/Env 14 0.0085 0.0136* 47.3 
Genotypes 4 0.0332** 2.3280** 182.6** 
Populations (Pop) 2 0.0278 0.0133 104.3 
Cycles 1 0.0536** 0.0152 11.2 
Cycles vs Cross 1 0.0019 0.0115 197.4* 
Selfs 1 0.0038 0.0688** 0.3 
Pop vs Selfs 1 0.0735** 0.2173** 521.5** 
Genotype x Env 24 0.0059 0.0098 30.8 
Error 56 0.0075 0.0068 31.5 
Total 104 
C.V. 9.2 9.7 7.7 
Parameter 
AO 0.810 + 0.042 0.648 + 0.040 65 .79 + 2.73 
DO 0.095 + 0.027 0.105 + 0.025 3 .91 + 1.73 
AL 0,014 0.007 0,015 + 0.007 0. ,17 + 0,48 
DL -0.020 0.011 -0.004 + 0.011 0, .64 + 0.72 
DQ -0.0007 0.001 -0.002 + 0.001 -0, .24 + 0.09 
2Apa -0.012 + 0.0002 0.024 + 0.0001 1, .62 + 0.75 
*,**Slgnlfleant at the 0.05 and 0.01 probability level, 
respectively. 
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Table C27. Analysis of variance for pollen date and silk date for CO 
and 04 populations, selfs, and cross for BSAA and BSBB 
evaluated in two environments 
Mean squares 
—— BSAA ————————BSBB"* *~~—• 
Pollen Silk Pollen Silk 
Source d.f. date date date date 
Environments (Env) 1 448.53** 197.63** 448.54** 282.13»* 
ReplIcations/Env 4 0.63 1.73 1.53 5.17 
Genotypes 4 27.14 9.42* 8.72** 8.47* 
Populations (Pop) 2 2.06 1.17 3.17 5.39 
Cycles 1 4.08 0.08 4.08 5.33 
Cycles vs Cross 1 0.03 2.25 2.25 5.45 
Selfs 1 27.00 4.08 2.08 0.33 
Pop vs Selfs 1 77.36* 31.25** 26.45** 22.76* 
Genotype x Env 4 6.12* 6.38 1.62 1.13 
Error 16 1.34 3.02 1.62 2.75 
Total 29 
C.V. 5.6 7.2 6.1 7.0 
*,**Slgnlfleant at the 0.05 and 0.01 probability level, 
respectively. 
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APPENDIX D. SECTION IV TABLES 
Table Dl. Analyses of variance for the number of Internodes 15% or more discolored (ANl) and 
the total number of internodes with any discoloration (AN2) following C. graminicola 
inoculations evaluated in two environments (Ames, 1984 and 1985) 
Mean squares 
ANl AN2 
Source of Variation d.f. Gen Gen X Env Gen Gen X Env 
Environments (Env) 1 48.22 37.30 
Replications/Env 8 1.27 0.93 
Genotypes (Gen) 27 (5.75** 1.90»* 6.55*» 1.90** 
Populations 24 4.74* 1.94** 4.69* 2.00*» 
BSAA cycles 4 6.92* 0.82 6.44* 0.52 
linear 1 25.80*» 1.08 24.40** 0.49 
quadratic 1 0.01 0.45 0.10 0.08 
cubic 1 0.06 1.48 0.14 1.21 
residual 1 1.83 0.27 1.13 0.32 
BSBB cycles 4 5.54» 2.65* 4.78 2.19 
linear 1 20.97** 4.41* 18.14** 5.66* 
quadratic 1 0.52 5.52* 0.08 2.80 
cubic 1 0.57 0.36 0.67 0.11 
residual 1 0.08 0.31 0.24 0.20 
BSAA X BSBB cycles 4 3,39 1.47 3.34 2.34 
linear 1 7.61 4.00* 5.95 3.53 
quadratic 1 0.45 1.24 0.00 3.84* 
cubic 1 1.48 0.01 0.60 0.00 
residual 1 4.01 0.65 6.80 1.99 
BSAA testcross cycles 4 1.51 0.85 1.96 1.34 
linear 1 1.53 0.23 1.39 0.01 
quadratic 1 1.02 0.02 2.16 0.01 
cubic 1 3.16 2.13 3.45 3.61 
residual 1 0.32 1.04 0.83 1.75 
BSBB testcross cycles 4 0.53 1.01 0.59 0.90 
linear 1 1.44 0.64 1.69 0.96 
quadratic 1 0.60 0.19 0.63 0.17 
cubic 1 0.09 0.01 0.04 0.02 
residual 1 0.01 3.20 0.00 2.47 
Among groups 4 10.56^  ^ 4.85^  ^ 11.04^  ^ 4.68^  ^
heterosis contrast 1 3.71 0.00 2.65 0.00 
Checks 2 3 3 . 4 7 * *  2.27 31.31 1.62 
Populations vs Checks 1 1.47 0.28 1.65 0.12 
Error (b) 216 0.92 0.98 
Total 279 
C.V. (%) 27.0 24.2 
•.••Significant at the 0.05 and 0,01 probability levels, respectively. 
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Table D2. Mean values for Anthracnose stalk rot ratings 
In two years 
No. internodes No. internodes 
discolored (75%) discolored (total) 
Entry 1984 1985 1984 1985 
BSAACO 3.80 4.00 4.36 4.52 
BSAA(SRCB)C1 3.40 4.00 3.88 4.48 
BSAA(SRCB)C2 2.32 2.92 2.84 3.52 
BSAA(SRCB)C3 2.56 2.60 3.04 3.04 
BSAA(SRCB)C4 1.16 2.68 1.96 3.12 
BSBBCO 3.12 5.32 3.64 5.64 
BSBB(SRCB)C1 3.64 4.08 4.16 4.80 
BSBB(SRCB)C2 3.36 2.80 3.84 3.52 
BSBB(SRCB)C3 2.60 2.68 3.32 3.28 
BSBB(SRCB)C4 2.40 9.68 3.12 9,08 
BSAACO X BSBBCO 3.24 4.88 3.56 5.36 
BSAA CI X BSBB CI 3.08 4.12 3.44 4.44 
BSAA C2 X BSBB C2 3.88 3.68 4.92 4.12 
BSM C3 X BSBB C3 2.48 2.64 3.04 3.24 
BSAA C4 X BSBB C4 3,16 3.24 3.48 3.80 
BSAACO X 0s420xl87--2 3.36 5.16 4.16 5.48 
BSAACl X 08420x187--2 3.08 5.96 3.60 6.52 
BSAAC2 X 08420x187--2 3.04 4.44 3.52 4.68 
BSAAC3 X 08420x187--2 2.80 4.32 3.36 4.80 
BSAAC4 X 03420x187--2 3.12 5.12 3.64 5.80 
BSBBCO X 0s420xl87--2 3.80 4.88 4.60 5.24 
BSBBCl X 03420x187-•2 3.88 3.96 4.56 4.72 
BSBBC2 X 08420x187-2 3.24 4.40 3.84 5.00 
BSBBC3 X 08420x187-•2 3.96 3.64 4.48 4.12 
BSBBC4 X 0s420xl87-2 3.56 4.04 4.48 4.40 
B14A X C103 0.96 2.40 1.80 2.76 
B14A X 0h41 5.16 5.08 5.44 5.44 
0s420 X 187-2 3.64 5.32 4.44 6.04 
Mean 3.14 3.96 3.73 4.46 
LSD 5% 1.05 1.38 1.15 1.38 
C.V. (%) 27.0 26.7 24.7 23.7 
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Table D3. Plot means for northern corn leaf blight reaction In ten 
replications and the Intercept and slope of the regression 
of ln(% infected leaf area) on ln(days after inoculation) 
Days after Inoculation Inter-
Entry Rep. 16 25 35 44 54 64 cept Slope 
in(%) 
BSAACO 1 1.31 1.90 2.30 2.91 3,08 3.56 -3.19 1.59 
BSAA(SRCB)C1 1 1.46 1.61 2.30 2.82 3.15 3.40 -2.99 1.52 
BSAA(SRCB)C2 1 1.31 1.61 1.90 2.82 3.34 3.40 -3.61 1.68 
BSAA(SRCB)C3 1 1.10 1.46 2.30 2.91 3.08 3.40 -3.97 1.77 
BSAA(SRCB)C4 1 1.61 1.90 2.71 2.91 3.15 3.40 -2.24 1.36 
BSBBCO 1 1.31 1.61 2.30 3.00 3.08 3.91 -4.05 1.84 
BSBB(SRCB)C1 1 1.10 1.61 2.46 3.00 3.08 3.22 -3.54 1.66 
BSBB(SRCB)C2 1 1.46 2.12 2.82 3.28 3.40 3.69 -3.11 1.65 
BSBB(SRCB)C3 1 1.31 1.90 2.30 2.71 3.15 3.22 -2.71 1.44 
BSBB(SRCB)C4 1 1.61 2.12 2.82 3.00 3.46 3.69 -2.69 1.53 
BSAACO 2 1.61 1.90 2.71 3.34 3.34 3.56 -2.81 1.55 
BSAA(SRCB)C1 2 1.46 1.46 1.90 2.82 3.22 3.56 -3.54 1.66 
BSAA(SRCB)C2 2 1.61 1.90 2.82 3.28 3.56 3.40 -2.74 1.54 
BSAA(SRCB)C3 2 1.46 2.12 2.71 3.15 3.40 3.22 -2.42 1.43 
BSAA(SRCB)C4 2 1.46 1.90 2.59 2.91 3.40 3.40 -2,86 1,53 
BSBBCO 2 1.31 1.90 2.30 3.15 3.28 3.69 -3.66 1,75 
BSBB(SRCB)C1 2 1,46 2,30 2.71 3,22 3,15 3.40 -2.25 1.39 
BSBB(SRCB)C2 2 1.61 2.12 2.71 3.28 3.34 3.56 -2.54 1,48 
BSBB(SRCB)C3 2 1,10 1,90 2,59 2.91 3.28 3.40 -3.59 1.71 
BSBB(SRCB)C4 2 1.61 2.12 2.91 2.91 3,08 3.56 -2.10 1.34 
BSAACO 3 1.46 1.61 2.59 3.00 3,28 3.56 -3.34 1.65 
BSAA(SRCB)C1 3 1 . 3 1  1 . 9 0  2 . 5 9  3 . 0 0  3 . 1 5  3.56 -3.23 1,62 
BSAA(SRCB)C2 3 1.31 2,12 2,82 3,00 3,34 3.56 -3.11 1.62 
BSAA(SRCB)C3 3 1.31 1,90 2,71 2.91 3.34 3.69 -3.53 1.73 
BSAA(SRCB)C4 3 1.46 1,90 2,59 3.00 3.40 3.40 -2.89 1.54 
BSBBCO 3 1,10 1,61 2.12 2.59 2,82 3.56 -3.69 1.67 
BSBB(SRCB)C1 3 1.31 1.61 2.30 2.59 2.91 3.40 -3.02 1.50 
BSBB(SRCB)C2 3 1,31 2,30 2.71 3.00 3.15 3.69 -2.92 1.57 
BSBB(SRCB)C3 3 1.10 2.30 2,71 2,82 2.91 3.22 -2.46 1.39 
BSBB(SRCB)C4 3 1.61 2.30 2,91 3,08 3.22 3.69 -2.27 1,42 
BSAACO 4 1.31 2.12 2.82 2.91 3.22 3.69 -3.15 1.63 
BSAA(SRCB)C1 4 1.61 2.12 2.71 3.00 3.22 3.91 -2.81 1.56 
BSAA(SRCB)C2 4 1,31 2,30 2,71 3,00 3,40 3,91 -3.47 1.75 
BSAA(SRCB)C3 4 1.31 1,90 2.46 3.00 3.22 3.40 -3,10 1,58 
BSAA(SRCB)C4 4 1.31 2.12 2,71 3.08 3.51 3.69 -3.50 1.74 
BSBBCO 4 1.31 2.30 2.71 3.15 3,22 3.69 -3.05 1.61 
BSBB(SRCB)C1 4 1,46 1,90 2,59 2,91 2,91 3,40 -2.39 1.37 
BSBB(SRCB)C2 4 1.46 2.30 2.91 3.00 3.46 3.69 -2.81 1.57 
BSBB{SRCB)C3 4 1.61 1.90 2.59 3.00 3.22 3.69 -2.77 1.52 
BSBB(SRCB)C4 4 1.46 2,30 2,71 3,00 3,51 3.91 -3.22 1.69 
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Table D3. Continued 
Days after inoculation Inter-
Entry Rep. 16 25 35 44 54 64 cept Slope 
ln(%) 
BSAACO 5 1.31 1.90 2.59 3.08 3.22 3.69 -3.51 1.72 
BSAA(SRCB)C1 5 1.61 2 .12 2.82 3 .15 3.22 3.81 -2.69 1.53 
BSAA(SRCB)C2 5 1.46 2.12 2.59 3.00 3.34 3.91 -3.30 1.69 
BSAA(SRCB)C3 5 1.61 1.90 2.71 3.00 3.22 3.69 -2.74 1.52 
BSAA(SRCB)C4 5 1.61 2.30 2.71 3.15 3.34 3.91 -2.77 1 . 5 7  
BSBBCO 5 1.10 1 .61 2.30 2 .71 3.00 3.91 -4.36 1.90 
BSBB(SRCB)C1 5 1.31 2.30 2.71 2 .91 3.15 3.69 -2.89 1.56 
BSBB(SRCB)C2 5 1.31 2 .12 2.71 3 .00 3.22 3.40 -2.80 1.52 
BSBB(SRCB)C3 5 1.10 1 .90 2.59 3 .08 3.08 4.01 -4.31 1.94 
BSBB(SRCB)C4 5 1.46 2.12 2.82 3 .00 3.22 3.69 -2.82 1.55 
BSAACO 6 1.31 2.30 2.82 2.91 3.34 3.56 -2.86 1.56 
BSAA(SRCB)C1 6 1.46 1 .90 2.46 2.82 3.34 3.56 -3.01 1.56 
BSAA(SRCB)C2 6 1.46 2 .30 2.82 3 .08 3.34 3.40 -2.36 1.42 
BSAA(SRCB)C3 6 1.46 2 .12 2.71 3 .00 3.34 3.56 -2.78 1.53 
BSAA(SRCB)C4 6 1.61 2.30 2.91 3 .15 3.34 3.69 -2.41 1.47 
BSBBCO 6 1.31 1 .90 2.71 3 .08 3.51 4.01 -4.19 1.94 
BSBB(SRCB)C1 6 1.46 1 .90 2.71 3.08 3.15 3.40 -2.66 1.47 
BSBB{SRCB)C2 6 1.46 2 .12 2.71 3 .00 3.15 3.81 -2.95 1.58 
BSBB(SRCB)C3 6 1.31 1 .90 2.71 3 .00 3.22 3.69 -3.45 1.70 
BSBB(SRCB)C4 6 1.46 2, ,12 2.82 3 .08 3.40 3.56 -2.84 1.56 
BSAACO 7 1 . 1 0  1, 90 2.46 3 .08 3.28 3.81 -4.26 1.92 
BSAA(SRCB)C1 7 1.10 2. 12 2.91 2. ,91 3.15 3.56 -3.36 1.67 
BSAA(SRCB)C2 7 1.31 1. 90 2.46 2.91 3.28 3.56 -3.34 1.65 
BSAA(SRCB)C3 7 1.31 1. 90 2.59 3. 00 3.15 3.56 -3.22 1.62 
BSAA{SRCB)C4 7 1.10 1. 90 2.59 3, 00 3.22 3.56 -3.78 1.77 
BSBBCO 7 1.10 2. 30 2.82 3. 15 3.28 3.69 -3.58 1.76 
BSBB(SRCB)C1 7 1.46 2. 12 2.59 3. 08 3.15 3.69 -2.84 1.54 
BSBB(SRCB)C2 7 1.10 1. 90 2.46 2. 91 3.28 3.56 -3.84 1.78 
BSBB(SRCB)C3 7 1.46 2. 12 2.59 2. 91 3.15 3.40 -2.38 1.39 
BSBB(SRCB)C4 7 1.46 2.30 2.59 3. 00 3.22 3.81 -2.83 1.55 
BSAACO 8 1.10 2. 30 2.82 3. 22 3.40 3.56 -3.53 1.75 
BSAA(SRCB)C1 8 1.10 2. 12 2.46 3. 00 3.28 3.56 -3.63 1.74 
BSAA(SRCB)C2 8 1.46 2. 59 2.91 3. 22 3.40 3.40 -2.12 1.38 
BSAA(SRCB)C3 8 1.46 2. 12 2.46 3. 08 3.15 3.22 -2.22 1.34 
BSAA(SRCB)C4 8 1.46 2. 12 2.30 2. 91 3.22 3.40 -2.51 1.42 
BSBBCO 8 1.61 2. 12 2.59 3. 00 3.22 3.91 -2.84 1.56 
BS8B(SRCB)C1 8 1.31 1. 90 2.46 2. 82 3.00 3.56 -3.04 1.55 
BSBB(SRCB)C2 8 1.46 2. 30 2.82 3. 00 3.40 3.81 -2.95 1.60 
BSBB(SRCB)C3 8 1.31 2. 59 2.59 3. 00 3.22 3.81 -2.86 1.57 
BSBB(SRCB)C4 8 1.31 2. 59 2.71 3. 15 3.22 3.56 -2.54 1.48 
Table D3. Continued 
Days after inoculation Inter-
Entry Rep. 16 25 35 44 54 64 cept Slope 
ln(%) 
BSAACO 9 1 .46 2.46 2.59 3.08 3.28 3.81 -2 .75 1.54 
BSAA(SRCB)C1 9 1 .10 2.30 2.71 3.22 3.46 4.01 -4 .23 1.97 
BSAA(SRCB)C2 9 1.61 2.30 2.59 3.15 3.34 3.91 -2 .80 1.57 
BSAA(SRCB)C3 9 1 .61 2.12 2.82 3.08 3.40 3.69 -2 .67 1.52 
BSAA(SRCB)C4 9 1.61 2.30 2.82 3.22 3.22 3.69 -2 .34 1.44 
BSBBCO 9 1 .46 2.30 2.46 3.08 3.22 3.69 -2 .73 1.52 
BSBB(SRCB)C1 9 1 .31 2.12 2.46 3.08 3.28 3.69 -3 ,35 1.68 
BSBB(SRCB)C2 9 1.31 2.12 2.59 3.15 3.22 3.69 -3, .29 1.67 
BSBB(SRCB)C3 9 1.31 2.12 2.71 3.00 3.40 3.69 -3 .37 1.70 
BSBB(SRCB)C4 9 1 ,10 2.30 2.82 3.22 3.46 3.81 -3, ,93 1.88 
BSAACO 10 1 .10 1.90 2.30 3.00 3.15 3.81 -4, , 13 1.86 
BSAA(SRCB)C1 10 1, ,10 2.12 2.59 3.15 3.15 3.69 -3. 72 1.77 
BSAA(SRCB)C2 10 1, ,31 1.90 2.46 3.08 3.40 3.56 -3. 52 1.72 
BSAA(SRCB)C3 10 1, ,31 2.30 2.59 3.15 3.22 3.56 -2. 89 1.56 
BSAA(SRCB)C4 10 1. 10 2.12 2.71 3.08 3.34 3.81 -4. 01 1.87 
BSBBCO 10 1. 10 2.12 2.59 2.91 3.28 4.09 -4. 32 1.96 
BSBB{SRCB)C1 10 1. 10 2.12 2.46 3.00 3.15 3.91 -4. 00 1.85 
BSBB(SRCB)C2 10 1. 10 2.12 2.46 3.22 3.34 3.69 -3. 96 1.85 
BSBB{SRCB)C3 10 1. 61 2.12 2.46 3.15 3.15 3.69 -2. 55 1.47 
BSBB(SRCB)C4 10 1. 10 2.30 2.71 3.15 3.28 3.69 -3. 60 1.76 
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Table D4. Analyses of variance for intercept and slope values of the 
NLB disease progress curves in BSAA and BSBB populations, 
evaluated in one environment (Atomic Energy Farm, 1984) 
BSAA BSBB 
Intercept Slope Intercept Slope 
Source d.f. mean squares 
Replication 9 0.513* 0.034 0.43 0.035 
Genotypes 4 0.412 0.027 0.88* 0.061* 
Error 36 0.226 0.015 0.28 0.020 
C.V. 15.2 7.8 16.8 8.7 
•Significant at the 0.05 probability level. 
